Associations between Oral Health-Related Quality of Life, Malocclusion and Family Size by Clare, Natasha
Associations between Oral Health-Related Quality of 
Life, Malocclusion and Family Size 
 
 
Dr Natasha Clare 
BDS, MFDS RCS (Edin.), BSc (Hons) 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A thesis submitted in partial fulfilment of the requirements for the 
degree of Doctor of Clinical Dentistry (Orthodontics) 
School of Dentistry 
Faculty of Health Science 
The University of Queensland 
 
 
 
 
 
 
 
 
 
 
 2 
TABLE OF CONTENTS          PAGE  
 
Declaration by author ...................................................................................................... 3 
Statement by research supervisor ................................................................................... 4 
Acknowledgments ............................................................................................................ 5 
Research summary............................................................................................................ 6 
  
Literature Review ............................................................................................................. 7 
Introduction and background for research ....................................................................... 10 
Review of the literature .................................................................................................... 11 
Conclusions ....................................................................................................................... 23 
  
Aims and Hypothesis ........................................................................................................ 25 
  
Scientific Paper One ......................................................................................................... 25 
Oral Health-Related Quality of Life and patient perceptions of malocclusion: Sex and age 
inequalities in an Australian population 
 
Abstract ............................................................................................................................. 27 
Introduction ...................................................................................................................... 28 
Materials and methods ..................................................................................................... 30 
Statistical analysis ............................................................................................................. 31 
Results ............................................................................................................................... 32 
Discussion ......................................................................................................................... 34 
Conclusions ....................................................................................................................... 36 
  
Scientific Paper Two ......................................................................................................... 38 
Birth order and family size effects on Oral Health-Related Quality of Life in adolescents 
with a malocclusion 
 
 
Abstract ............................................................................................................................. 41 
Introduction ...................................................................................................................... 42 
Materials and methods ..................................................................................................... 45 
Statistical analysis ............................................................................................................. 46 
Results .............................................................................................................................. 48 
Discussion ......................................................................................................................... 49 
Conclusions ....................................................................................................................... 52 
  
Discussion ......................................................................................................................... 54 
Conclusions ...................................................................................................................... 58 
Figures .............................................................................................................................. 59 
Tables ............................................................................................................................... 60 
Appendices ....................................................................................................................... 72 
Raw data ........................................................................................................................... 78 
References ........................................................................................................................ 83 
 
 
 3 
DECLARATION BY AUTHOR 
 
I, Natasha Clare of Brisbane, Queensland, do solemnly and sincerely declare that these 
research project reports have been composed by myself and have not been accepted in part 
or in full for another degree. I make this declaration conscientiously believing the same to be 
true before a Justice of the Peace. 
 
 
Declared by:       Witnessed by: 
 
 
 
 
Dr Natasha Clare 
 
Date        Date 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4 
Statement by research supervisor 
 
Candidate: Dr Natasha Clare 
 
Research Report Title:  
 
Associations between Oral Health-Related Quality of Life, malocclusion and family size. 
 
Scientific Report Titles: 
 
1. Oral Health-Related Quality of Life and patient perceptions of malocclusion: Gender 
and age inequalities in an Australian population 
2. Birth order and family size effects on Oral Health-Related Quality of Life in 
adolescents with a malocclusion. 
 
 
Department/School: Dentistry 
 
Statement:                      Tick Box 
 
 
1. I have read the thesis in final form 
 
I have read the thesis in either final form or draft form 
 
I have not read the thesis in either final form or draft form 
 
2. I agree that the thesis is an appropriate form for submission 
 
I do not agree that the thesis is an appropriate form for submission 
 
 
Additional Comments:  
 
 
 
 
 
 
 
 
 
 
A/Prof. David Healey         Date  
 
 5 
Acknowledgements  
The Australian Society of Orthodontics Research and Education for funding this research and 
their continued support.  
Emeritus Professor T. Freer for insightful comments during proof reading.  
The project supervisors for assisting with this research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 6 
Research summary 
 
One of the most common reasons for seeking orthodontic treatment is a belief that an 
improvement of quality of life (QoL) will occur upon completion of treatment. Quality of life 
encompasses a large variety of factors, but in particular oral health-related quality of life 
(OHRQoL) is thought to improve significantly with orthodontics. This perception is shared by 
referring practitioners and patients alike. Orthodontic treatment requires substantial 
resources, as such treatment predictors are important to investigate.  The impact of family 
size on a variety of social, financial, medical and mental health factors has been investigated 
previously. An association has been made between having a large number of siblings and a 
higher caries rate. It is conceivable that there may be other aspects of oral health that are 
influenced by family size. This project proposes to investigate the possible relationship 
between OHRQoL and immediate family size.  
 
The participants of this study were from The University of Queensland. Every patient seeking 
orthodontic treatment between 4th April 2016 and 1st March 2018 was invited to complete 
an OHRQoL questionnaire which encompassed The Child Perceptions Questionnaire Impact 
Short Form 16 [CPQ11-14-ISF:16] and the Aesthetic Component of the Index of Orthodontic 
Treatment Need.  (IOTN-AC). 275 patients successfully completed the OHRQoL questionnaire, 
215 of which satisfied the criteria for this study, and 189 of these patients additionally 
successfully completed the birth order questionnaire. 
 
Differences were observed between objective malocclusion assessment and subjective 
aesthetic impairment, this was related to both gender and age of the patient. Birth order did 
appear to be related to OHRQoL, with later born children associated with poorer OHRQoL. 
The presence of siblings was additionally associated with a reduced OHRQoL.  
 
This research highlights the potential influence that family size may have upon OHRQoL in 
adolescents with a malocclusion. A greater appreciation of patient concerns is required as 
clinical parameters do not necessarily correlate to patient’s aesthetic concerns or OHRQoL. 
As OHRQoL is influenced by a plethora of factors, investigating these to appreciate the 
patient’s concerns could improve self-perception and to gain a greater appreciation of factors 
that may influence OHRQoL. 
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Abstract 
 
Background: A malocclusion has been associated with a decrease in Oral health-related 
quality of life (OHRQoL). OHRQoL is influenced by a variety of factors. These factors can be 
biological, behavioural and clinical. One such factor is socio-demographics including family 
structure.  
Aim: To evaluate current literature available regarding malocclusion and family size as a 
possible extrinsic factor impacting OHRQoL.  
Conclusions: Family structure does appear to influence a variety of physical and emotional 
attributes of individuals. However, there is currently insufficient evidence to determine if 
family size affects OHRQoL in a population with a malocclusion.  
 
 
 
 
 
 
 
 
 
 
 
Key words: Oral Health-related Quality of Life (OHRQoL), Dental aesthetic index (DAI), Child 
perceptions questionnaire Impact Short Form-16(CPQ ISF-16), Aesthetic component of the 
Index of orthodontic treatment need (AC-IOTN), malocclusion, birth order, siblings, 
orthodontic, gender  
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Introduction  
 
Historically, a malocclusion has frequently been associated with a range of dental health 
conditions, including dental caries1, periodontal disease2 and temporomandibular joint 
disorder3. Despite the promulgation of these associations in advertising, evidence does not 
support their veracity4 ,5.  
 
Malocclusion is categorised as “an appreciable deviation from normal occlusion”6, not a 
disease per se. Despite this, correction of a malocclusion with orthodontic treatment is often 
sought. One of the most common reasons for seeking orthodontic treatment is a belief that 
an improvement of oral health related quality of life (OHRQoL) will occur upon completion of 
orthodontic treatment. This perception is shared by the public and professionals alike7,4.  
OHRQoL is influenced by a plethora of factors both intrinsic and extrinsic. Extrinsic factors 
include environmental aspects such as the people the individual is surrounded by.  
 
Orthodontic treatment requires substantial resources from the patient, parent and 
practitioner, so factors influencing patient perceptions regarding benefits of treatment are 
important to investigate.   
 
The impact of family size on a variety of social, financial, medical and mental health factors 
has been investigated since at least 18748. This has extended to the dental field with an 
association made between having a large number of siblings and a higher caries rate9. It is 
therefore conceivable that there may be other aspects of oral health that are influenced by 
family size, including perceptions of malocclusion and OHRQoL.  
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Literature review  
Oral Health-related Quality of Life 
Although OHRQoL is an ambiguous concept and its definition is dynamic10, a commonly cited 
description was formed by Locker and Allen, defining OHRQoL  as “the impact of oral disorders 
on aspects of everyday life that are important to patients and persons, with those impacts 
being of sufficient magnitude, whether in terms of severity, frequency or duration, to affect 
an individual’s perception of their life overall”11.  
 
The medical field has placed increasing importance on quality of life of patients12. The change 
from a biomedical to biopsychosocial perspective within healthcare has caused the evolution 
of patient-reported outcome measures of quality of life13. Patient viewpoints are considered 
imperative in discerning which aspect of their medical condition, or treatment, affects their 
day to day life most. Direct patient reports are important for evidence-based medicine as they 
reduce reporter bias. They enable patient’s perceptions of clinical interventions and possible 
outcomes to be better understood by researcher and clinician. It is not just the medical field 
that is concerned with quality of life. As far back as the 1970’s, it was recognised that dentistry 
impacts quality of life14. It wasn’t until the 1990’s however, until the concept and importance 
of Oral Health-Related Quality of Life (OHRQoL) was appreciated15.  
 
A complexity of quantifying patient-reported outcomes is that quality of life is constantly 
evolving throughout an individual’s life16. The focus on quality of life demonstrates the 
societal paradigm shift from the doctrine of doctor knows best to a patient centred approach. 
Factors influencing quality of life can be tangible, such as oral function, or intangible, such as 
an individual’s anxiety and happiness. Further to this, factors can be intrinsic which includes 
a patient’s gender and ethnicity, or extrinsic such as educational and family backgrounds10, 17 
(Figure 1). 
 
Due to the multifactorial influences that could potentially affect OHRQoL it is a complicated 
subject to quantify.  OHRQoL is a subjective patient-reported outcome calculated by 
questionnaires concerned with physical symptoms, social and emotional concerns10. Initially 
OHRQoL indices were intended to evaluate adult self-perception, and, when investigating 
children and adolescents, adults were used as proxies. In 1998 Weintraub recognised that 
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adults’ opinions do not necessarily agree with children’s concerns18 ,and subsequently child 
specific OHRQoL questionnaires were, and continue to be, developed19,20,21,22,23. Most 
questionnaires evolved from qualitative interviews with target populations as “the need to 
incorporate patient’s values and preferences is what distinguishes quality of life from all other 
measures of health”24. Desirable OHRQoL questionnaires should be patient-centred and 
feature  “aspects of daily living that patients find important”10. The primary aim of the 
questionnaires is to ensure that they are designed to reflect the patient’s concerns rather 
than relying on a clinician’s perceptions of the patient’s concerns. 
 
One such questionnaire that is frequently used to evaluate OHRQoL in children and 
adolescents is The Child Perceptions Questionnaire (CPQ)25, which was developed in 2002 as 
part of the Child Oral Health Quality of Life Questionnaire20. This was the first instrument that 
recognised the value of developmental factors in a child’s ability to respond to questionnaires. 
It sought to stratify responses based on ability to comprehend questions. Although earlier 
indices for OHRQoL focused largely on functional factors, the CPQ encompasses these in 
addition to socio-dental indicators. The predominant aim was to evaluate the aspects of daily 
life that children aged 11-14 years, with a variety of dental, orthodontic and oro-facial 
conditions, value20. The 37-item questionnaire, including two global questions, assesses four 
domains: oral symptoms, functional limitations, emotional well-being, and social well-being, 
over the past three months of the patient’s life.  
 
A literature review in conjunction with interviews with parents, child patients and healthcare 
professionals generated the 37 questions. These questions rated the issues that were deemed 
to be most frequent in addition to the most impacting by children. Patients answers are 
recorded on a 5-point Likert scale. In 2006 two shortened formats were devised, a 16- and 8-
item questionnaire. The 16-item short form (CPQ11-14-ISF:16) (Appendix 1) has been shown to 
perform equally as well as the longer format whilst reducing respondent burden26. Although 
not intentionally designed to evaluate OHRQoL relating specifically to malocclusion or 
orthodontic treatment, it has been validated for this purpose27. The emotional well-being and 
social well-being domains, rather than the oral symptoms and functional limitations domains, 
reliably associate with malocclusion28. The CPQ-16 has shown to have acceptable validity and 
reliability internationally27,29.   
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The concept of OHRQoL is relatively contemporary and, as such, there is a deficiency in 
longitudinal studies30. An issue with collating data for OHRQoL is that an agreed upon 
malocclusion-specific questionnaire is not universally accepted and used. This causes issues 
with data collection and comparison31. Novel approaches to investigating OHRQoL in 
adolescents with malocclusion are currently undergoing further validation procedures with 
the hope that this issue can be rectified32,22.  
 
Malocclusion and OHRQoL 
Aside from a small number of cases seeking functional correction, it is the social impact of 
malocclusion that is the prime reason that people seek orthodontic treatment33. Smiling has 
been interpreted as a cue for extraversion, affability and openness to experiences, all of which 
are desirable traits within a person34. As teeth are an integral part of a smile it is plausible 
that a malocclusion could have a negative impact on a person’s sense of worth and ultimately 
their OHRQoL. With the advent and continued rise in popularity of social media and camera 
phones, not only are images of people (and their smiles) being shared instantly by themselves, 
but also by friends and peers. The global audience and the inability to rescind these 
photographs may be a factor attributing to an increasing amount of people seeking 
enhancement of their appearance, and in particular, their smiles.  
 
A malocclusion is often associated with negative connotations such as a below average 
intelligence, lower socio-economic status35 and reduced sexual attractiveness36. Sadly, 
individuals with a malocclusion are often subjected to negative behaviours from others. 
Adolescents with malocclusions affecting the aesthetic zone (in particular Class II Div. 1) have 
been associated with a reported higher incidence of bullying and a decrease in OHRQoL37,38.   
 
OHRQoL is a relatively modern aspect of dental research. This increase in popularity of the 
subject clearly demonstrates a divergence for the orthodontic profession from clinical 
parameters to an emphasis on patient-based outcome measures. Populations used to 
investigate associations between malocclusion and OHRQoL range from those referred for 
orthodontic treatment, epidemiological surveys with school children39 and those with cleft lip 
and palate40.  
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As with many aspects of research over the years, conflicting evidence regarding the 
association between malocclusion and OHRQoL has been published. The authors of a 2015 
systematic review felt that there was no high-quality evidence to suggest that malocclusion 
is associated with OHRQoL41. An additional systematic review published in the same year 
found conflicting evidence42, stating that severe malocclusions, in particular an increased 
overjet, anterior crowding and spacing, had a negative impact on OHRQoL in four of the six 
studies evaluated. The authors felt that although more research is required there was 
sufficient evidence to conclude that severe malocclusion in the aesthetic zone will have a 
negative influence on OHRQoL.  
 
In 2016 Kragt et al., performed another systematic review and meta-analysis43 with the aim 
to provide an overview “on the influence of malocclusion on OHRQoL measured with 
validated questionnaires in children and adolescents”. Forty papers were included for the 
meta-analysis. Results showed that having a malocclusion had a significant impact on a 
reduced OHRQoL compared to those children who did not have a malocclusion. The authors 
found that adolescents aged over 14 years showed the greatest negative association between 
malocclusion and OHRQoL. Age has previously been identified as a possible influencing factor, 
with older children being less satisfied with their smile aesthetics44. There appeared to be no 
relationship between younger age groups OHRQoL and malocclusion with Kragt et al.’s 
review. A further finding was that cultural differences may play a part in determining OHRQoL, 
with the country of origin being influential. A 2009 study demonstrated that African 
Americans appeared to be less satisfied with their smile aesthetics than Caucasian children, 
despite Caucasian children having a higher objective need for treatment44.  
 
This detrimental effect of malocclusion upon OHRQoL was further confirmed in a 2017 
systemic review45, with more severe malocclusions being associated with worse OHRQoL.  
When compared to control groups those children with an increased overjet and spaced 
dentition have worse OHRQoL scores, however, both occlusal traits affected the adolescents 
similarily46.   
It has been proposed that the quality of life of the immediate family of a person with a 
malocclusion is affected, with studies suggesting that negative effects can be seen in families 
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of an adolescent with a malocclusion47,46. Some literature exists exploring the influence of 
family upon OHRQoL48. A reduced OHRQoL has been observed in children growing up with 
the absence of parental figures49. It has been proposed that the environment a child develops 
in is an influencing factor in psychosocial development. This in turn may have an effect on 
OHRQoL50. When parents or caregivers are asked about their loved one’s malocclusion they 
believe that OHRQoL decreases with an increase in malocclusion severity51. This notion is not, 
however, substantiated by those with a malocclusion where an increase in objective 
treatment need does not correlate with a lower OHRQoL52.  For some, a minor malocclusion 
feature such as a buccally displaced maxillary lateral incisor may have a major role in their 
perceived OHRQoL.  For others, the far more objectively serious states, such as a 7mm reverse 
overjet and severe crowding may perceive no detrimental effect on their OHRQoL. As stated 
previously there are specific malocclusion traits which negatively affect OHRQoL more than 
others, however, the uniqueness of the individual needs to be respected.  
In 2010 Feu et al., compared two groups of adolescents, one that sought orthodontic 
treatment and one that did not53. Of those who requested orthodontic treatment their 
malocclusion was worse with regard to clinical parameters. Females in the group seeking 
orthodontic treatment rated themselves with worse OHRQoL compared to males. The 
difference between genders has been observed by several authors52,44,54,55, with a common 
finding being that females rate their OHRQoL lower than males. It appears that perhaps 
gender inequality may transcend even to malocclusions. In conflicting evidence, some authors 
believe there is no gender difference and both male and females are equally affected to the 
same degree56,57, 58.  
 
The Aesthetic Component of the Index of Orthodontic Treatment Need59 (IOTN-AC Appendix 
2) is a standardised subjective measure of malocclusion aesthetic impairment. Analysis of the 
IOTN-AC demonstrated that those with a higher IOTN-AC score were almost 12% more likely 
to have poorer OHRQoL scores60.  When comparing IOTN-AC scores between child and 
practitioner, their ratings were similar, however the children generally rated themselves 
lower compared to the practitioner61.  
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As a malocclusion has been associated with a decrease in OHRQoL, it stands to reason that an 
improvement in OHRQoL may occur and perhaps give rationale for orthodontic treatment62. 
Desire for orthodontic treatment is high even in populations who are satisfied with their smile 
aesthetics44, with objective need differing to subjective desire for orthodontic treatment44. 
The first longitudinal study and seminal article regarding the benefits of orthodontic 
treatment was performed by Shaw in 200763. These longitudinal studies provide some 
evidence and are important research papers and need to be acknowledged, however, the 
focus of this study was self-esteem rather than OHRQoL per se. 
 
Orthodontic treatment demands a vast amount of resources in terms of finance, skills and 
time. Therefore, aspects that can predict orthodontic treatment should be appreciated. These 
aspects are multifactorial and can be biological, behavioural, and clinical (malocclusion 
severity, appliance type, and skills of the clinician). Patient pre-treatment expectations are 
important and can impact upon post-treatment satisfaction. Previous evidence has suggested 
that OHRQoL differs between gender, socioeconomic status, education, and ethnicity25.  
 
Behavioural and biological factors are influenced by a patient’s psychological stress, culture, 
and educational attainment64. One of the most important resources for adolescents is the 
family environment. The family unit can give informational, emotional and material support. 
Little is known regarding family size and birth order and adolescent treatment outcome in 
orthodontics. It is feasible that the family size will affect parental resources, and as such is 
likely to affect adolescent treatment outcome65. It is plausible therefore that other extrinsic 
factors may affect OHRQoL. One such factor is the family unit including birth order, the 
number of siblings an individual has, and the gender of those siblings. The family unit is an 
important resource for adolescents. The Australian 2011 census66 revealed that over 90% of 
the population have a living sibling. There is some literature to suggest family size may affect 
adolescent orthodontic treatment outcomes65. Little, however, is known about the potential 
association between family size and OHRQoL. 
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Birth order 
Birth order is a pre-determined factor that an individual cannot change. As life is a dynamic 
continuously evolving process each child born into a family will develop in a slightly different 
situation to their predecessor and successor. This is attributed to a multitude of factors, 
including the ageing of the mother creating differing biological environments for each foetus 
to develop in, and potential changes in economic and emotional situations of the family unit. 
Human phenotypes have been proposed to be ascribed to a combination of three variables, 
genetics, shared, and non-shared experiences67. Birth order is a non-shared experience. Non-
shared experiences have previously been correlated to personality and psychopathology67, 
and therefore perhaps could play a role in OHRQoL.   
 
Historical concepts  
Francis Galton in 1874 was the first author to conceptualise that birth order could have an 
effect upon development8. Galton, a child with eight siblings, hypothesised that first-born 
sons of scientists were treated preferentially. He believed that the first-born child were, 
therefore, the most intelligent and were able to achieve greater academic feats than their 
siblings.  
 
Since Galton, a variety of hypotheses have been proposed to explain the differences between 
birth orders. These include the dethronement, family niche theory, admixture, confluence, 
and resource dilution theories.  
 
The dethronement hypothesis was developed initially by Alfred Alder in 192868.  Alder was 
the first to propose the link between birth order and personality traits. His thought was that 
dethronement of the first-born child, when a younger sibling is born, was detrimental to the 
first-born. He considered dethronement particularly harmful if occurring before the age of 
three. Positive and negative attributes have been found with dethronement. Alder 
conceptualised that there may be an inclination for the older child to imitate their parents, 
promoting responsibility, which ultimately may develop into good organisational skills and 
higher social ranking. Second born children appeared to exert themselves more. The youngest 
child may lack ambition and social empathy, suffering from an inferiority complex as their 
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family unit are all stronger, older, and more emotionally mature than them whilst developing. 
This could lead to the youngest child exhibiting features of laziness. Alternatively, the 
youngest may strive and challenge to overcome and dominate their family intellectually. 
Alder believed that the only child was ‘almost pre-destined for faulty development’, as they 
constantly vie with their father for their mother’s love and attention, and the mothers spoil 
the child69.  
 
The family niche theory is attributed to Frank Sulloway70. Sulloway felt that children’s drive 
to achieve maximum parental investment is evolutional, with each child having an established 
role within the family to promote community harmony. He ascribed these roles as occurring 
due to a variety of factors, including that whilst children are young physical attributes will 
vary depending on the birth order. Sulloway investigated the big five factors of personality, 
extraversion, agreeableness, conscientiousness, neuroticism, and openness to experience, 
with birth order. Sulloway’s hypothesis is controversial and ratings obtained from multiple 
informants, self, same-sex peer, and a parent have not yielded significant associations 
between the big five personality traits and birth order71,69.  
 
In 2001 Rodgers developed the admixture hypothesis72. This was concerned not only with 
birth order but also the number of siblings in a family unit. The theory proposes that a child 
of any birth order from a smaller family will be more intelligent than a child of any birth order 
from a larger family. According to the admix hypothesis, intelligence difference between birth 
order is an artefact of family size. Rodgers proposed that larger families occur from parents 
who are of lower socio-economic status. Furthermore, he stated that previous research 
regarding birth order was biased towards those with a smaller family and as such these are 
over-represented.  
 
The confluence theory73 concentrated on the notion that there is an ever-changing 
intellectual environment of the family. The first-born or only child will mature in a family unit 
comprising of 66.6% cognitively mature adults, this will dilute with each subsequent child 
born. The confluence theory purports to quantify the number of siblings a child has to the 
contribution of the child’s intellectual maturity. This theory suggests that earlier born children 
are on average more intelligent than later born within the same family. Previous data has 
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shown that studies which compare individuals with a given birth order from different families 
typically find a statistically significant association between birth order and intelligence 
whereas studies using within-family data do not74.  
 
Finally, the resource dilution model75 proposes that each person has a finite amount of 
resources, be these emotional, financial or otherwise. This hypothesis proposes that with 
each subsequent birth the resources will be diluted.  
 
Birth order and physical traits  
The concept that birth order may have an effect upon physical health has been explored 
within medical literature. In adulthood, individuals who were later-born children in their 
families may have a lower BMI76, allergy incidence reducing in later-born children77, irritable 
bowel syndrome and multiple sclerosis being more prevalent in the youngest or oldest 
children67, and individuals born later in larger families being shorter in stature78.  
 
One theory is that the birth order of a child may protect them against infectious diseases, as 
the oldest child would most likely not get the immunological assault until reaching school, 
whereas the younger child would be exposed to microbes at an earlier date due their older 
sibling.  
 
Birth order and intelligence  
The confluence and resource dilution hypotheses support Galton’s original theory regarding 
birth order and intelligence, in that the intelligence of an individual declines with increasing 
birth order. A variety of authors have tested the veracity of his claims with varying results.  
A negative relationship between birth order and mental aptitude has been demonstrated for 
both Norwegian79 and Swedish males80. Both of these studies used army conscription data, 
giving large sample numbers. It has further been proposed that an increase in objectively 
measured intelligence and self-reported intellect is found in first-born children81.   
 
Effects on intelligence may, however, be methodological artefacts. When controlled for 
sibling number, birth order does not appear to be significantly associated with intelligence82. 
It is not just birth order, but the number of children in a family that literature has alleged to 
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have an effect upon intellectual development. Children from smaller families achieve higher 
educational qualifications83. Children with multiple siblings were rated by teachers to be poor 
workers and lack discipline, and children with three or more siblings were less likely to stay 
at school after statutory school leaving age83.  However. as Rodgers stated it is imperative to 
remember that ‘although low IQ parents have been making large families, large families do 
not make low IQ children’72.  
 
Birth order and personality 
Personality traits have been ascribed to birth order by a number of authors. First-born 
children may be seen as being more ambitious, academically orientated, conservative and 
respectful of their parents than later born children84. In addition to this, it has been proposed 
that first-born children may be more risk averse in terms of sports and travel. One postulation 
for the difference is that the older children are prescribed the position of role model to their 
younger siblings by family members70. Deferential treatment may give rise to specifically 
related behaviours. Personality traits of individuals were evaluated by spouses and peers in a 
between-family study design, and adults who were later born scored higher in openness and 
agreeableness85. 
 
An integral problem with relating birth order to personality is that data is frequently collected 
at the same time, meaning the eldest child will be older and therefore may appear more 
emotionally mature in comparison to their younger counterparts. To date there has only been 
one study that has addressed this matter using age-adjusted t-scores in the analysis, the 
findings were that there was no difference in personality traits and birth order86. Assessment 
of personality has its complications as Damian and Roberts 2015 literature review of birth 
order and personality acknowledged the difficulty in assessing personality86. Despite this, the 
authors of the review felt that personality could not be attributed to birth order86, however, 
as previously stated the research models used were poor.  
 
Emphasis on child mental health is high in western countries, and a variety of studies have 
provided evidence in relation to the family unit and a child’s mental well-being. As quality of 
life is considered as a mental factor rather than physical this is important to appreciate. Some 
research has stated that the presence of older siblings is associated with a reduction in 
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problems at school, indicating a general later born advantage in childhood mental-health. In 
contrast, the presence of younger siblings was associated with more school-related issues for 
the child87. Birth order has been hypothesised to give a child differing risks of receiving a 
diagnosis of a childhood mental disorder. A retrospective study of under 18-year olds who 
were admitted to Public Mental Health Centres in Madrid, Spain (7843 patients) was 
performed. Of these patients 63.8% of this population consisted of males, 46.9% of subjects 
were first-born, and 33.4% were middle children. A first-born child will be at a greater risk of 
developing an emotional disorder diagnosis88. A large number of siblings is associated with 
increased prevalence of childhood mental-health problems89. Children living in a family with 
four or more siblings were at the highest risk of receiving a diagnosis of antisocial conduct 
disorders88. 
 
Birth order and dentistry 
As any experienced practitioner is aware, managing children and adolescents in the dental 
setting can at times be challenging. Predicting the child’s behaviour and effective 
communication strategies for the child prior to seeing them in the surgery can significantly 
enhance the patient and clinician’s experience, furthermore, if future work is required, 
favourable initial experiences may make the child more amenable to treatment. There is 
limited literature regarding family size and dentistry.  
 
In a dental setting first-born children have been observed to appear more fearful, sensitive to 
pain, cried more, and their cooperation was poorer than later born children90. Middle children 
were notably more cooperative in comparison to those in other birth orders, and they also 
exhibited significantly lower anxiety levels within the dental setting.  Children with no siblings 
are potentially more prone to develop anxiety and negative behaviours such as being self-
centred and demanding91.  
 
There is some evidence to imply that having more siblings increases a child’s caries risk 
significantly9,92 , and having a higher caries risk negatively affects the persons OHRQoL30. 
Periodontal disease is presumed to be infectious in aetiology93 , and as such the family size 
may have an influence on the microbes an individual is exposed to. A large sample of Swedish 
twins aged 42 years or more found that those persons with six or more siblings had 
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approximately 30% greater odds of periodontal disease than those with two siblings or less94. 
A study from Switzerland involving 1282 children under the age of 16 years demonstrated 
that there was no association between birth order for children who sustained one episode of 
dental trauma, however, sustaining more than one traumatic dental injury during childhood 
and early adolescence appears to be twice as likely for the last born child95.  During this 
investigation parents were asked three questions regarding character traits: were they 
athletic and active, calm and deliberate, and/or curious. Of the children who did not sustain 
dental trauma, they were more likely to be described as calm and deliberate. Of first-born 
children, 72.8% were described as calm and deliberate. The types of dental injuries were 
either dislocation, fractures, or avulsions. Birth order did not affect the type of dental injury 
sustained. It was hypothesised that personality traits may be related to dental trauma, and 
these personality traits differed depending on birth order.  
 
There is very limited evidence of a relationship between birth order and OHRQoL in non-
orthodontic populations96,97,98,99 . The pre-existing evidence is based on preschool children 
populations and considered the parental perception of OHRQoL. The authors of these studies 
hypothesised that the association found was attributable to the resource dilution theory. 
There is however currently no research investigating birth order and OHRQoL in adolescents 
with a malocclusion.  
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Conclusions 
 
Birth order has been explored in the literature to consider general and mental health, 
personality, intelligence, emotional temperament, and some aspects of dental health. A 
review of some of the literature available has concluded that more research is required in 
these fields to develop a better understanding of potential associations between family 
effects upon a person’s well-being. 
 
Orthodontic treatment necessitates complete patient compliance, with the requirement of 
excellent oral hygiene and conformity with dental auxiliaries e.g. elastics, and furthermore 
with retention to prevent relapse once the orthodontic treatment has occurred. Satisfaction 
of outcomes of orthodontic treatment is varied100. With more people seeking orthodontic 
treatment it is imperative that the clinician understands what a patient finds motivational and 
what factors may contribute towards their OHRQoL.   
 
A satisfactory orthodontic result is no longer just about a balanced occlusion, but also 
ensuring the patient is happy emotionally.  After all, health is a condition of harmonious 
psychological, social and biological well-being101. Practitioners need to gather evidence that 
will yield a greater understanding of potentially confounding extrinsic factors in relation to 
OHRQoL. Psychology is a vast and complex subject, how we look can impact on multiple areas 
of our lives. Humans are very judgmental, so perhaps we could assume that a person seeking 
orthodontic treatment does so not for their own direct benefit, but to improve other’s 
perceptions of themselves. This may on some level relate to acceptance within our family 
structure. 
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Aims and hypothesis 
 
The aims of this research project are two-fold;  
1. To determine if there is an association between objective malocclusion assessment, 
patient self-perception of aesthetic impairment and OHRQoL in an Australian 
adolescent population with a malocclusion.  
2. To determine if immediate family structure including birth order, sibling number and 
gender can influence OHRQoL in an Australian population with a malocclusion.  
 
 
Null hypothesis 
 
There will be no association between objective and subjective malocclusion assessment and 
OHRQoL. There will be no association with birth order, sibling number and OHRQoL.  
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Scientific Paper One  
 
Oral Health-Related Quality of Life and patient perceptions of malocclusion: Sex and age 
inequalities in an Australian population 
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Oral health-related quality of life and patient perceptions of malocclusion: Sex and age 
inequalities in an Australian population 
 
Abstract  
Background: Objective malocclusion assessment may not correspond to patients’ subjective 
perceptions of the severity of their malocclusion.  The aim of this study is to determine if 
there is a correlation between the clinical diagnosis of malocclusion, patient self-perception 
of their malocclusion and Oral Health-Related Quality of Life (OHRQoL) in an Australian 
adolescent sample. Methods: Two hundred and fifteen orthodontic patients (aged 12-
18years; 40.9% males) at The University of Queensland were assessed. Objective 
malocclusion assessment occurred using the Dental Aesthetic Index (DAI), the aesthetic 
component of the Index of Orthodontic Treatment Need for subjective malocclusion 
assessment, and Child Perceptions Questionnaire to investigate OHRQoL. Results: Of the 215 
patients questioned Females scored 2.8 domain values higher than males in overall OHRQoL 
scores. A statistically significant difference (p = .027) was found within distributions between 
sex groups for not only the sum of the CPQ total, but specifically emotional well-being and 
social well-being domains. 32.6% of patients identified with a low value on the IOTN-AC, 
irrespective of DAI score. Conclusions: A sex difference was found between OHRQoL. 
Objective and subjective assessments did not correlate with each other. The severity of 
malocclusion did not specifically relate to increased severity of OHRQoL.  
 
 
 
 
Key words: Oral Health-related Quality of Life (OHRQoL), Dental aesthetic index (DAI), Child 
perceptions questionnaire (CPQ), Aesthetic component of the Index of orthodontic 
treatment need (IOTN-AC), malocclusion 
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Introduction 
Historically, malocclusion has been associated with a range of dental health complaints, 
including; dental caries1, periodontal disease2 and temporomandibular joint disorder3. 
Despite the promulgation of these associations in advertising, scientific evidence does not 
support their veracity4,5. Malocclusion is categorised as “An appreciable deviation from 
normal occlusion”6, not a disease per se. Despite this, correction of a malocclusion with 
orthodontic treatment is often sought. One of the most common reasons for seeking 
orthodontic treatment is a belief that an improvement of oral health-related quality of life 
(OHRQoL) will occur upon completion of orthodontic treatment. This perception is shared by 
the general public in addition to fellow professionals7,4. In more recent years, clinicians and 
academics have chosen to focus on an improvement in OHRQoL and self-esteem as two of 
the most beneficial outcomes of orthodontic treatment. The change from a biomedical to 
holistic model within healthcare has caused the evolution of patient-reported outcome 
measures of quality of life13.  
 
Although the definition of OHRQoL is dynamic, a commonly cited description was formed by 
Locker and Allen, defining OHRQoL as; 
“…the impact of oral disorders on aspects of everyday life that are important to 
patients and persons, with those impacts being of sufficient magnitude, whether in 
terms of severity, frequency or duration, to affect an individual’s perception of their 
life overall9.”  
 
Factors influencing quality of life can be tangible, for example oral function, or, intangible 
such as an individual’s anxiety and happiness. Further to this, factors can be intrinsic, which 
includes a patient’s sex and ethnicity, or extrinsic, such as educational and family 
backgrounds10 (figure 1). 
 
Figure 1 Factors influencing OHRQoL   
 
The associations between OHRQoL and malocclusion are regularly examined. Dimberg et al.’s 
2015 systematic review42 examined available evidence regarding the influence of 
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malocclusions on OHRQoL. Six cross-sectional studies were suitable for evaluation, five of 
which occurred in Brazil, the other in New Zealand. The resultant findings were that severe 
malocclusions, in particular increased overjet, anterior crowding and spacing, had a negative 
impact on OHRQoL in four of the studies. The authors concluded that, although more data is 
required, there was sufficient evidence to infer that severe malocclusion in the aesthetic zone 
will have a negative influence on OHRQoL, in particular in the emotional and social well-being 
aspects102. Kragt in 2016 determined that an adolescent with a malocclusion had a 
significantly decreased OHRQoL compared to those who did not have a malocclusion43.  
 
Further corroborating evidence for a relationship between malocclusion and OHRQoL in 
differing populations is required. The aim of this study is to determine if there is an association 
between the clinical diagnosis of malocclusion, patient self-perception of their malocclusion, 
and OHRQoL in an Australian adolescent sample. The null hypothesis is that there will be no 
association between these factors.  
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Materials and methods  
Ethics 
The Australian Governments National Health and Medical Research Councils Human Research 
Ethics Application (HREA) for this project was granted (approval number 2017000517).  In 
addition, approval from the Royal Brisbane & Women’s Hospital Human Research Ethics 
Committee (RBWH HREC) was received. The project met the National Health and Medical 
Research Council’s (NHMRC) National Statement on Ethical Conduct in Human Research 
(2007) (approval number HREC/17/QRBW/444). Authorisation was granted for the study to 
be conducted at the Metro North Hospital and Health Service- Royal Brisbane and Women’s 
Hospital (MNHHS-RBWH), with the trial meeting the principles and practices set out in the 
Australian Code for the Responsible Conduct of Research (2007 Universities Australia, 
updated 2014) and the ICH Harmonised Tripartite Good Clinical Practice Guidelines103.  
 
Participants and questionnaires 
Every patient seeking orthodontic treatment at The University of Queensland between 4th 
April 2016 and 1st March 2018 was invited to complete an OHRQoL questionnaire which 
encompassed The Child Perceptions Questionnaire Impact Short Form 16 (CPQ11-14 ISF16)25 
and the Aesthetic Component of the Index of Orthodontic Treatment Need59 (IOTN-AC).  
The IOTN-AC is a standardised subjective measure of malocclusion aesthetic impairment. The 
CPQ11-14 ISF16 evaluated OHRQoL, with four domains – oral symptoms, functional symptoms, 
emotional well-being and social well-being. Each domain had four questions asking the 
patient frequency of events, e.g. “In the past 3 months, how often have you had: Pain in your 
teeth, lips, jaws or mouth?”. The responses for each question were then given a numerical 
value: “Never” (score of 0); “Once or twice” (1); “Sometimes” (2); “Often” (3); “Every day or 
almost every day” (4). The higher the value for each domain, the greater the impact on the 
OHRQoL26.  
 
Initial dental study models were used to allocate a clinically measured malocclusion score to 
each patient, the DAI, which evaluates 10 malocclusion traits with a numerical value being 
ascribed to each. The total of these values related to four treatment requirement options: no 
treatment, elective treatment, treatment desirable, and treatment required104.  
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Sample size 
The sample comprised of 215 individuals, of which 40.9% were males with a mean age of 
13.92 years (n=88), and 59.1% were females with a mean age of 13.58 years (n=127).  
 
Inclusion and exclusion criteria 
Patients were included in the study if aged 11-18 years at the time of completing the OHRQoL 
instrument. Patients with craniofacial deformities or wards of the state were excluded. 
Informed consent was obtained, and it was explained to all participants that this was a 
voluntary questionnaire which had no bearing on their orthodontic treatment. Of the 275 
patients that successfully completed the OHRQoL instrument, 215 satisfied the criteria for 
this study.  
 
Intra-examiner reliability 
The CPQ11-14 ISF16 and IOTN-AC aspects were self-reported. The DAI was recorded by one 
postgraduate orthodontic student. Ten percent of the sample (21 study models) was chosen 
for intra-examiner reliability testing. The overall DAI score was used as the test score. Two 
assessments of DAI scores were obtained with an interval of 7 weeks between assessments. 
A total score of the DAI was assessed and 100% reliability obtained giving an Intra Class 
Coefficient of 1.  
 
Statistical analysis 
Univariate analysis and initial investigations were carried out for the sample of 215 for DAI, 
IOTN-AC and CPQ. Statistical analysis including the non-parametric Mann-Whitney U-test and 
Spearman rho correlation were performed on IBM SPSS version 25.0105. 
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Results  
Total CPQ11-14 ISF16 domain values ranged from 0 to 51 (64 is the maximum total score 
attainable) with 15.20 being the mean for the sample (Table I.). Emotional well-being and 
oral symptoms were the domains which had the highest values.  
 
OHRQoL and sex 
The domain values for total CPQ11-14 ISF16 and sex are depicted in Table II. Males ranged from 
0-45 and females 2-51. Females scored 2.8 domain values higher than males in overall 
OHRQoL scores. Each domain was analysed for normality within both male and female 
groups. The data showed a skewed distribution. Consequently, a non-parametric Mann-
Whitney U-test (Table III) was employed to analyse for differences across the groups for each 
domain.  The Mann-Whitney U-test indicated that the null hypothesis can be rejected. A 
statistically significant difference (p = .027) was detected in the distributions between the 
male and female groups for the total CPQ11-14 ISF16, in addition to the emotional well-being 
and social well-being domains.  The median scores indicated that males presented with lower 
totals for the emotional well-being and social well-being domains in addition to the total 
CPQ11-14 ISF16.  
 
OHRQoL and age 
Multivariate analysis revealed there was strong evidence that, in addition to sex, age is 
associated with OHRQoL. For every 1-year increase in age the CPQ11-14 ISF16total is increased 
by 0.87 units (Table III).  
 
Malocclusion 
DAI scores were allocated to the orthodontic treatment need categories106.   4.7% of the 
sample was deemed to require no treatment, 24.2% was categorised as orthodontic 
treatment would be elective, 30.2% orthodontic treatment would be desirable, and 40.9% 
orthodontic treatment was needed. A greater number of males than females were allocated 
to both the no treatment and treatment required groups of the DAI (Table V).  
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Self-perception of malocclusion vs DAI  
There was insufficient evidence to suggest that objective orthodontic treatment need differed 
significantly to patient self-perception of aesthetic impairment (Table VI). Those patients who 
scored no treatment on the DAI ranked between 3-9 IOTN-AC. Cumulatively 32.6% of all 
patients identified with 3 on the IOTN-AC, 20.9% identified with 4, 3.7% with 1 and 0.5% with 
10. 
 
DAI, OHRQoL, and sex 
Welch t-tests and Mann-Whitney U-tests were used to compare the distributions of 
CPQ11- 14 ISF16 totals for males and females.  Welch t-tests were used when the assumption 
of normality was met by both samples in the group, otherwise a Mann-Whitney U-test was 
used instead. The comparison of groups for the DAI score group ‘no treatment’ should not be 
used due to small numbers in both the male and female samples.  The results indicated that 
there is strong evidence of a difference in distributions for the treatment desirable group (p 
= .004) with randomly chosen females more likely to have a higher CPQ11-14 ISF16 total value 
compared to randomly chosen males for this DAI group.  The DAI groups of elective treatment 
and treatment needed do not provide any evidence of a difference between males and 
females.   
 
As the Mann-Whitney U-test is a non-parametric test, the median and range are commonly 
stated rather than the mean and standard deviation. The median and range for these 
quantities are presented in Table IX.  
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Discussion  
This was a convenience sample with patients preselected based on a previous orthodontic 
referral. No selection of suitable cases was made, and all consecutive cases were invited to 
be part of the study. Patients were referred for an orthodontic assessment to the University 
of Queensland either by themselves, private orthodontists or dentists. As these patients are 
seeking an orthodontic opinion there is a risk of bias. For the purpose of this project, no socio-
demographic data was collected, i.e. ethnicity, household income, parental educational 
attainment etc. These other socio-demographic factors are known to have an effect upon 
OHRQoL10,17. A small number of patients were eligible for government subsidised treatment; 
however, the majority were responsible for payment for their treatment.  
 
The demographic of the sample showed that more females sought orthodontic treatment, 
which corresponds to a well-established sex bias. For patients in the treatment desirable 
category of the DAI, there was a statistically significant sex difference between OHRQoL 
results (p = .004), with females having lower mean CPQ11-14 ISF16 scores than males. The 
CPQ11-14 ISF16 is one of the most widely used measures of OHRQoL43,42. It, however, is not a 
malocclusion specific index. On further evaluation it was specifically the domains of emotional 
well-being and social well-being that demonstrated greater impacts by the females. These 
two domains have previously been linked to malocclusion, rather than functional limitations 
and oral symptoms, which are more likely associated with other dental factors such as dental 
caries25. The same sex difference, with females having a decreased OHRQoL, has been noted 
by other authors52,107,108,54.  
 
We found an association between a reduction in OHRQoL and increasing age, concurring with 
previous studies43,44. The influence of peers rather than family takes during the progression 
from late childhood to early adolescence109. The aetiology of malocclusion has a large genetic 
component110. During early to middle childhood family is the major contributory influence for 
a child.  A child may perceive their malocclusion appearance and functional limitations as 
normal if their parents or siblings have similar traits109.  With increasing age, influence of peer 
groups and the media may change an individual’s perceptions of desirable traits109.  Variation 
from the physical attributes of influential peers may be one factor attributing to a declining 
OHRQoL in those with a malocclusion.  
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It is important to appreciate that this study reflects patient perceptions of their own 
malocclusion. The self-perception indices of malocclusion are based on aesthetics rather than 
how malocclusions may affect OHRQoL. The IOTN-AC was developed by Brook and Shaw in 
198959 who felt it was important that a malocclusion index should measure both functional 
and aesthetic concerns. The average IOTN-AC for each DAI group was either 3 or 4. This 
sample appeared to show that there is no association between patient’s perception and 
actual clinical diagnosis of malocclusion. The IOTN-AC does under-represent anterior open 
bite, Class II Div. 2 and Class III malocclusions111. This may mean that a person does not 
identify with any of the 10 photographs and this makes an association difficult, which should 
be taken into account.  
 
Patients who were classified within the lowest DAI category had more favourable OHRQoL 
scores compared with those in the three other categories, indicating that a malocclusion does 
relate to OHRQoL, in agreeance with similar studies112.  
 
From this study, it can be deduced that clinical parameters do not necessarily correspond to 
patient’s aesthetic concerns or OHRQoL. It may be beneficial to investigate factors that impact 
on OHRQoL. This may give rise to a greater appreciation of patient concerns. Further 
evaluation of the concepts explored would be beneficial, with the inclusion of a control or 
comparison group, which was outside the remit of this study.   
 
 
 
 
 
 
 
 
 
 
 
 
 36 
Conclusions   
● There is a significant sex difference in OHRQoL.  
● Females reflected that malocclusion had a greater impact on their OHRQoL than 
males.   
● Objective malocclusion measures do relate to OHRQoL results, with those ranking 
with a lower severity on clinical parameters having a better OHRQoL.  
● Females had adverse scores in the domains of emotional and social well-being, 
reflecting poorer OHRQoL in these areas in comparison to males.   
● Increasing age corresponds to a decline in OHRQoL regardless of sex. 
● We found no association between the patient’s self-rated IOTN-AC and their DAI 
scores. This indicates that patient’s aesthetic judgement of their malocclusion may not 
be statistically significantly associated with clinical assessment. 
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Scientific Paper Two 
 
Birth order and family size effects on Oral Health-Related Quality of Life in adolescents 
with a malocclusion. 
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Abstract  
Background: Oral health-related quality of life (OHRQoL) is influenced by a variety of factors, 
including biological, behavioural and clinical. The aim of this study is to evaluate if birth order, 
sibling number, and sibling gender could influence the OHRQoL of adolescent patients with a 
malocclusion.  
Methods: 189 patients from The University of Queensland were assessed. Objective 
malocclusion assessment was measured using the Dental Aesthetic Index (DAI) from initial 
study models, and the Aesthetic Component of the Index of Orthodontic Treatment Need 
(IOTN-AC) was used as a subjective aesthetic impairment assessment. The Child Perceptions 
Questionnaire Impact Short Form -16 (CPQ11-14 -ISF-16) investigated OHRQoL, and a birth 
order questionnaire was used for family structure assessment.   
Results:  A total sample of 189 patients (77 males and 112 females) with a mean age of 13.7 
years were included. The CPQ ISF-16 indicated emotional well-being and social well-being 
were reduced for those with a larger number of siblings. An increase in birth order 
additionally had a negative effect upon OHRQoL results, as did sibling gender.  
Conclusions: This study indicates the potential importance of extrinsic factors when 
evaluating OHRQoL in adolescents with a malocclusion. Perhaps the assumption could be 
made that those seeking orthodontic treatment do so not for their own direct benefit, but to 
improve other’s perceptions of themselves. This may on some level relate to acceptance 
within our family structure. 
 
Key words: Oral Health-related Quality of Life (OHRQoL), DAI, CPQ, IOTN-AC, malocclusion, 
sibling, birth order, gender,  
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Introduction 
Oral health related quality of life (OHRQoL) is a burgeoning aspect of orthodontic research 
113. It demonstrates the societal paradigm shift from the doctrine of doctor knows best to 
both the physiological and psychological harmony of the patient. As a concept OHRQoL 
assesses biological, social and psychological aspects of oral health, and is influenced by an 
individual’s personality, culture, expectations, environment, socioeconomic status, education 
and ethnicity 25, 64. Although its definition is dynamic, a well cited description of OHRQoL was 
formed by Locker and Allen 11: “the impact of oral disorders on aspects of everyday life that 
are important to patients and persons, with those impacts being of sufficient magnitude, 
whether in terms of severity, frequency or duration, to affect an individual’s perception of 
their life overall”.  
 
There is evidence that a malocclusion may have a negative influence on OHRQoL 39, 42, 43, 46, 60. 
Further to this, there is a belief, shared by referring practitioners and patients alike, that an 
improvement in OHRQoL will occur upon completion of orthodontic treatment 4, 7. There is, 
however, a lack of longitudinal data regarding OHRQoL post-orthodontic treatment. Of the 
data that is present, conflicting results can be found; with some supporting the notion that 
orthodontic treatment improves OHRQoL longitudinally 114, or conversely that OHRQoL will 
improve over time regardless of orthodontic treatment 115.  There is also a suggestion that 
orthodontic treatment may not improve patient satisfaction with their dental appearance 63. 
Despite this a 2017 systematic review and meta-analysis came to the conclusion that an 
untreated malocclusion does have a negative effect on OHRQoL 45.  
 
Environmental factors may impact upon OHRQoL, including sociodemographic aspects such 
as the family unit, which is an important resource for adolescents. Family members are often 
responsible for informational, emotional and material support. Little is known about the 
potential association between family size and OHRQoL. The Australian 2011 census66 revealed 
that over 90% of the population have a living sibling. It is feasible that the number of children 
within a family will affect parental resources. Some literature suggests that family size may 
affect adolescent orthodontic treatment outcomes65.  
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Birth order is a pre-determined factor that an individual cannot change. As life is a dynamic 
continuously evolving process each child born into a family will develop in a slightly different 
environment to their predecessor and successor. This is attributed to a multitude of factors 
which vary throughout development, including ageing of the mother, creating a different 
biological environment for the foetus to develop in, to potential changes in economic and 
emotional situations of the family unit.  
 
The concept that birth order may have an effect upon physical health has previously been 
explored. An adult who is the youngest of their siblings may have a lower BMI76. Other effects 
include allergy incidence reducing in later born children 77, irritable bowel syndrome and 
multiple sclerosis being more prevalent in the youngest or oldest children,  and individuals 
born later in larger families tending to be shorter in stature 78.  
 
The notion that birth order has a role in intelligence has been hypothesised since 1874 8. The 
accuracy of this has been tested. In a sample of over 17,400, first born sons were more 
intelligent than both second, and third born sons 82. It is not just birth order but the number 
of children in a family that appears to have an effect upon intellectual development. Children 
from smaller families achieve higher educational qualifications83, are more likely to spend 
longer in education and are perceived by teachers to be more scholarly 83. Effects on 
intelligence may, however, be methodological artefacts, and, as Rodgers et al., stated, it is 
imperative to remember that “although low IQ parents have been making large families, large 
families do not make low IQ children”72. 
 
Personality traits have also been ascribed to birth order. First born children may be seen as 
being more ambitious, academically orientated, conservative and respectful of their parents 
than later born children 84. In addition to this it has been proposed that first born children 
may be more risk averse in terms of sports and traveling. One hypothesis for the difference is 
that the older children are prescribed the position of role model to their younger siblings by 
family members 70. This deferential treatment may give rise to specific related behaviours. 
In a dental setting, first-born children have been observed to appear more fearful, sensitive 
to pain, cried more, and their cooperation was poorer than later born children 90. Middle 
children were notably more cooperative in comparison to those in other birth orders, they 
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also exhibited significantly lower anxiety levels within the dental setting.  Children with no 
siblings are more prone to develop anxiety and negative behaviours, such as being self-
centred and demanding 91. Periodontal disease is presumed to be infectious in aetiology 93, 
and as such the family size may have an influence on the microbes an individual is exposed 
to. A large sample of Swedish twins aged 42 years or more found that those persons with six 
or more siblings had approximately 30% greater odds of periodontal disease than those with 
two siblings or less 94. Sustaining more than one traumatic dental injury during childhood and 
early adolescence appears to be twice as likely for the last born child 95.  As there are potential 
links between aspects of dental health and birth order it is conceivable that there may be 
other aspects of oral health that are influenced by birth order and family size. 
 
The aim of this study is to determine if immediate family structure including birth order, 
sibling number and gender can influence OHRQoL in a population with a malocclusion.    
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Materials and methods  
Ethics 
Ethical clearance was granted from the Australian Governments National Health and Medical 
Research Councils Human Research Ethics Application (HREA) (approval number 
2017000517), and the Royal Brisbane & Women’s Hospital Human Research Ethics 
Committee (RBWH HREC). The project met the National Health and Medical Research 
Council’s (NHMRC) National Statement on Ethical Conduct in Human Research (2007) 
(approval number HREC/17/QRBW/444). Authorisation was granted for the study to be 
conducted at the Metro North Hospital and Health Service- Royal Brisbane and Women’s 
Hospital, with the study meeting the principles and practices set out in the Australian Code 
for the Responsible Conduct of Research (2007 Universities Australia, updated 2014) and the 
ICH Harmonised Tripartite Good Clinical Practice Guidelines 103.  Parental informed consent 
was obtained for all participants.  
 
Participants and questionnaires 
The participants of this study attended the Oral Health Centre at The University of 
Queensland. Every patient seeking orthodontic treatment between 4th April 2016 and 1st 
March 2018 was invited to complete an OHRQoL questionnaire. This encompassed The Child 
Perceptions Questionnaire Impact Short Form 16 (CPQ ISF-16)25 and the Aesthetic 
Component of the Index of Orthodontic Treatment Need 59 (IOTN-AC).  
 
The IOTN-AC is a standardised subjective assessment of malocclusion aesthetic impairment. 
Results for the IOTN-AC were categorised into two groups as per the British Orthodontic 
Society guidelines116. A score of ≤5 equated to treatment not being indicated, and if ≥6 
treatment was indicated. The CPQ ISF-16 evaluated OHRQoL. There are four domains 
encompassed in the CPQ ISF-16: oral symptoms, functional symptoms, emotional well-being, 
and social well-being. The questionnaire consists of four questions per domain, relating to the 
frequency of events, e.g. “In the past 3 months, how often have you had: Pain in your teeth, 
lips, jaws or mouth?”. There are five possible outcomes with a numerical value assigned to 
each response: “Never” (score of 0); “Once or twice” (1); “Sometimes” (2); “Often” (3); “Every 
day or almost every day” (4). The higher the value for each domain, the worse the OHRQoL. 
Birth order, number of siblings and sibling gender was assessed through a self-reported birth 
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order questionnaire. An objective assessment of malocclusion was based on initial study 
models, using The Dental Aesthetic Index (DAI). The DAI evaluates 10 malocclusion traits with 
a numerical value being ascribed to each. The total of these values related to four treatment 
requirement options; no treatment, elective treatment, treatment desirable and treatment 
required104.  
 
For inclusion in this study patients were required to be aged 11-18 years at the time of 
completing the OHRQoL questionnaire.  Patients with craniofacial anomalies or wards of the 
state were excluded, as were those with a history of orthodontic treatment.  
 
The number of patients that successfully completed the OHRQoL questionnaire was 275, of 
which 215 satisfied the criteria for this study. A final sample size of 189 patients successfully 
completed the birth order questionnaire (Appendix 3).   
 
Intra-examiner reliability 
The CPQ ISF-16 and IOTN-AC aspects are self-reported. The DAI was recorded by one 
postgraduate orthodontic student. Ten percent of the sample (21 study models) was chosen 
for intra-examiner reliability testing. The overall DAI score was used as the test score. Two 
assessments of DAI scores were obtained with an interval of 7 weeks between assessments. 
A total score of the DAI was assessed and 100% reliability obtained giving an Intra Class 
Coefficient of 1.  
 
Statistical analysis 
Data were analysed using IBM SPSS version 25.  Categorical variables were calculated as 
frequencies and percentages.  Continuous variables were either reported as mean, standard 
deviation, minimum and maximum, or median, range and the 25th and 75th percentiles, 
dependent on the shape of the distribution.  Distributions were tested for normality by 
inspecting probability plots (normal Q-Q plots) and by using the Shapiro-Wilks test for 
normality.  The individual domains and the total sum of the CPQ ISF-16 were determined to 
demonstrate sufficient skew to be described as non-parametric.  
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Subjective and objective malocclusion assessment were analysed using cross-tabulations 
against; gender, sibling number, birth order and sibling gender. Chi-square test for 
independence was used for gender and sibling gender and a Mantel-Haenszel test of trend 
was used for the ordinal variables sibling number (0 to 4 or more) and birth order (first to 
third or more. The correlations between OHRQoL and the two ordinal variables were analysed 
using Spearman’s correlation coefficient.  The null hypothesis can be rejected.  
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Results  
In total 189 participants (77 males and 112 females) with a mean age of 13.7 years were 
included in this study. Table X illustrates further descriptive statistics. The individual CPQ ISF-
16 domain totals and the total scores of the CPQ ISF-16 were positively skewed.  The 
proportion of responses for the individual domains of zero were: oral function 0%; functional 
symptoms 22.8%; emotional well-being 21.2%; social well-being 23.3%.   
 
Table IX demonstrates the associations between subjective and objective need for 
orthodontic treatment. These were analysed independently for gender, sibling number, birth 
order and sibling gender.  The results in Table IX indicate that there is statistical evidence that 
an increase in sibling number and birth order are associated with an increase in self-perceived 
need for orthodontic treatment, however, there is no evidence of this association with 
objective need for treatment.  
 
Table X indicates that a correlation was observed between Individuals with a larger number 
of siblings (from 0 siblings to 4 or more siblings) and reduced emotional well-being (rs (95% 
CI) =.17 (0.03, 0.31)) social well-being (rs (95% CI) =.19 (0.05, 0.32)) and overall OHRQoL (rs 
(95% CI) =.18 (0.04, 0.32). The oral and functional domains, however, were not affected.   
 
An increase in birth order position is statistically associated with a higher median for social 
well-being (rs (95% CI) =.19 (0.05, 0.32) and domain total (rs (95% CI) =.16 (0.02, 0.29). There 
was not enough evidence of a correlation for the oral, functional and emotional well-being 
domains based on birth order.  
 
There was a trend with a statistically significant difference for female participants who had 
more sisters than brothers to score higher for social domain. Conversely, male participants 
with more sisters than brothers scored lower in the social domain. There is no statistically 
significant difference for the oral and functional domains.   
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Discussion 
Birth order  
A statistical association is present for individuals with a higher birth order to have a reduced 
OHRQoL. Later-born children demonstrated an increased score for both the social well-being 
and domain totals for the CPQ ISF-16. Later-born adolescents in this study also had a greater 
subjective need for orthodontic treatment than their earlier-born counterparts.   
 
Evidence regarding an association between birth order and other aspects of dentistry is 
lacking. Some evidence suggests that behaviour within a dental setting is altered depending 
on birth other, with the firstborn children more likely to exhibit poorer behaviour90. 
Number of siblings 
Emotional well-being, social well-being and total scores of the CPQ ISF-16 increased for those 
participants with a larger number of siblings. Although there is a correlation between these 
factors and the OHRQoL domains, it is a weak correlation. This correlation may be due to 
currently unexplored latent variables. 
 
There is some evidence to suggest that a child’s caries risk is increased with a larger number 
of siblings9. A higher caries risk negatively affects OHRQoL30. Caries and dental pathology are 
more likely to have affected the results for oral and functional domains of the CPQ ISF-16.  
 
Sibling gender  
In this study it appears that males who had more sisters than brothers rated their social well-
being higher than males with more brothers. Although parental rearing strategies are similar 
for males and females117, there appears to be gender inequality.  Further evaluation is needed 
to discover the reasons behind this. A recent investigation into sibling gender effects in early 
childhood appears to show that males with a younger brother rather than an older sister may 
demonstrate more negative behaviours118. Males are traditionally more violent as siblings119, 
and as such it is a possibility that males with a higher number of sisters than brothers are not 
being persecuted as much at home.  
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Females with more sisters than brothers rated their social well-being domain lower. This 
finding appears to contradict work in the late 20th century which stated that older females in 
a family demonstrated more supporting and caring personality traits to their younger siblings, 
in particular their sisters120. This research occurred before the advent of social media. Social 
media has shown to increase anxiety and depression reducing well-being121. This in turn could 
affect intra-family relationships. Females rated their OHRQoL lower than males in populations 
unhappy with their smile aesthetics52,44,54,55, which could be a further contributing factor. 
Same-sex siblings may demonstrate dominance traits in competing for a niche position within 
the family70. 
 
Clinical implications  
The domains of social and emotional well-being domains of the CPQ ISF-16 have specifically 
been linked to malocclusion25. Historically, orthodontics has been prescribed by the 
practitioner, however self-referrals are becoming prevalent, with a greater amount of elective 
treatment being carried out on adults and children. This may be attributed to greater social 
pressures to improve one’s appearance. Although conceptually this pressure may be 
attributed to outside sources, this research indicates that family may be influential in 
OHRQoL.  
 
OHRQoL is considered a psychological rather than physiological concept. Birth order and 
family size have been hypothesised as aspects that contribute differing risks of receiving a 
diagnosis of a childhood psychological disorder. First-born children at a greater risk of being 
diagnosed with an emotional disorder diagnosis88 and a large number of siblings is associated 
with increased prevalence of childhood mental-health problems89. The presence of older 
siblings is associated with a reduction in problems at school, conversely the presence of 
younger siblings was associated with increased school related issues87.  
 
A satisfactory orthodontic result is no longer just about an aesthetic and balanced occlusion, 
but also ensuring the patient is happy emotionally. After all, health is a condition of 
harmonious psychological, social and biological well-being. Practitioners need to take a 
holistic approach to treatment and gather evidence that will yield a greater understanding of 
potentially confounding extrinsic factors in relation to OHRQoL. Humans are very judgmental 
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so perhaps we could assume that a person seeking orthodontic treatment does so not for 
their own direct benefit, but to improve others’ perceptions of them. This may on some level 
relate to acceptance within our family structure. 
 
The results from this study are interesting. However, it needs to be stressed that association 
does not prove causation. OHRQoL is multifactorial and this study highlights some potential 
associations between OHRQoL and extrinsic factors, and perhaps could act as a catalyst for 
further research in this area. This study provides some evidence of the multifactorial aetiology 
of OHRQoL, with aspects of our lives that are beyond our control being potentially integral to 
our perceptions of ourselves. The associations found may even be the result of an 
unidentified confounding variable. 
 
There are many hypotheses that could propose the reasons why these findings have occurred, 
younger children in a family possibly feeling inadequate due to physical differences with their 
older counterparts70, or they may be bullied by their older siblings. Perhaps it would be 
prudent for an orthodontist to consider a patient’s birth order in the clinical environment, for 
example when offering two-phase Class II Div. 1 correction, as bullying is an indication for 
commencing orthodontic treatment earlier122.  
 
Limitations  
A malocclusion is associated with a reduced OHRQoL45. As the sample studied were 
requesting an examination for orthodontic assessment, they may have had a pre-existing 
awareness of malocclusion. From this the sample may have had a reduced OHRQoL, which is 
a potential bias in this study.  Repeating the study with a sample in a non-orthodontic setting 
would be advisable, however, was not within the remit of this project.  
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Conclusions  
● It appears that OHRQoL is affected by birth order, sibling number and sibling gender. 
● For those adolescents investigated, being a later born child and those with an increase 
in sibling number demonstrate a decrease in OHRQoL.  
● Females with more sisters than brothers have reduced OHRQoL.  
● Being a male with more sisters than brothers have increased OHRQoL.  
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Discussion 
 
The aims of this research were first to evaluate objective malocclusion assessment with a 
patient-reported measure of aesthetic impairment (the IOTN-AC) and OHRQoL. The second 
aim was to investigate a possible association with family structure and OHRQoL. To assess 
each of these aspects a variety of indices was used.  
 
Indices 
The DAI was used to measure objective malocclusion assessment. Initially the DAI was 
developed to evaluate dental aesthetics in the context of social acceptability. The intraoral 
clinical index does not require the use of radiographs and is designed for use in the permanent 
dentition.  Ten aspects are evaluated and each of these features is given a weighting, 
depending on the severity derived from a regression equation123. A cumulative score is 
attributed to the patient indicating treatment necessity. There are five possible outcomes: if 
the collated result is ≤25 no treatment is required; a score of 26-30 indicates treatment is 
elective; when a score of 31-35 is obtained treatment is described as highly desirable; over 
36 treatments is considered mandatory104. Due to the DAI’s ease of use it was incorporated 
by the WHO in 1989 into the International collaboration study of oral health outcomes as a 
malocclusion index124.  Since this it has been used by orthodontists, dentists and dental 
auxiliaries worldwide for epidemiological purposes125.  Although widely used there are some 
shortcomings with the DAI.  An elevated score will occur for example in certain citations, if a 
patient is in early mixed dentition where an anterior deciduous tooth had recently exfoliated, 
and prior to the eruption of its permanent successor would result in an elevated score. The 
DAI was used in this study rather than other malocclusion scores (such as the Peer Assessment 
Rating126 ) as it is unique in being an objective measure of malocclusion with a sensitivity to 
malocclusion traits that may cause social handicapping.  
 
The subjective assessment of aesthetic impairment utilised the Aesthetic Component of the 
Index of Orthodontic Treatment Need (IOTN-AC). Patient perception of malocclusion is 
influential for both orthodontic treatment demand127 and satisfaction post treatment128. The 
IOTN-AC was  developed by Brook and Shaw in 198959. They heeded comments from the 
orthodontic community, who felt it was important that a malocclusion index should measure 
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both functional and aesthetic concerns. The IOTN- AC was adapted from the Standardized 
Continuum of Aesthetic Need by Evans and Shaw in 1987. The IOTN-AC is a series of 10 
photographs which provides a visual representation to patients of an increasing scale of 
severity of malocclusions. The patient is asked to identify which appears closest to their own 
malocclusion. The grades correspond to different  orthodontic treatment needs, in which 1-4 
indicate no need for treatment, grades 5-7 suggest treatment need is borderline, and for 
those with a grade of 8-10 orthodontic treatment is considered required129. Prior to selecting 
the 10 photographs used, 1000 photographs of 12-year olds were judged by six non-dental 
persons using a visual analogue scale. It was, however, dental professionals who ultimately 
ranked the photographs129,59.  Intra-examiner error validity testing occurred using a sample 
of 222 patients. The IOTN-AC has been adopted as a quick and reproducible measure and is 
used in epidemiological studies130. There are, however, some issues associated with it. As the 
photographs are frontal views, it is difficult to comprehend the anteroposterior relationship, 
and as such severe Class II may be misrepresented. Further to this some malocclusions are 
underrepresented, including Class II Div 2, Class III, and anterior open bite. The IOTN-AC has 
been heavily criticised despite its widespread use due to its simplicity111.  
 
The CPQ-16 evaluated OHRQoL and comprises 16 questions relating to four domains – oral 
symptoms, functional symptoms, emotional well-being, and social well-being. Each domain 
had four questions, asking the patient frequency of events, e.g. “In the past 3 months, how 
often have you had: Pain in your teeth, lips, jaws or mouth?”. The responses for each question 
were then given a numerical value: “Never” (score of 0); “Once or twice” (1); “Sometimes” 
(2); “Often” (3); “Every day or almost every day” (4). The higher the value for each domain, 
the worse the OHRQoL. The CPQ-16,  although not intentionally designed to evaluate OHRQoL 
relating specifically to malocclusion or orthodontic treatment, has been validated for this 
purpose27. The emotional well-being and social well-being domains, rather than the oral 
symptoms and functional limitations domains, associate with OHRQoL25,28. An issue with the 
CPQ-16 is that it is not malocclusion specific and it does not elicit the causative factor for the 
patient’s dissatisfaction, which could be attributed to other oral issues.  The CPQ-16  has been 
shown to have acceptable validity and reliability internationally27,29.   
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An issue with collating data for OHRQoL is that an agreed upon malocclusion specific 
questionnaire is not universally accepted and used. This causes issues with data collection 
and comparison31. Novel OHRQoL indices for adolescents with malocclusion are currently 
undergoing further validation procedures with the hope that this issue can be rectified32,22.  
 
Bias consideration 
The study used a convenience sample with patients preselected based on orthodontic 
referral. No selection of suitable cases was made, and all consecutive cases were invited to 
be part of the study. Patients are referred for an orthodontic assessment to the University of 
Queensland either by themselves, private orthodontists or dentists. As these patients are 
seeking an orthodontic opinion there is risk of bias. For the purpose of this project no socio-
demographic data was collected, i.e. ethnicity, household income, parental educational 
attainment, etc. These other socio-demographic factors are known to have an effect upon 
OHRQoL. There were a small number of patients who were eligible for government subsidised 
treatment, however, the majority were responsible for payment of their treatment. 
Repeating the study within a non-dental setting would be advisable to compare with the 
findings from this research paper.  
 
The risk of communication bias was low. The population is accessing orthodontic treatment 
in Queensland, Australia. From the 2011 census 90.2% of the population spoke English at 
home131. The sample is of school aged children and in the Brisbane area and it is assumed that 
the sample questioned spoke English as their first language.  
 
DAI, IOTN-AC and OHRQoL 
Objective malocclusion measures in this study do relate to OHRQoL results, with those 
individuals with better DAI scores also having a better OHRQoL. Patients’ aesthetic judgement 
of their malocclusion does not correlate to clinical diagnosis. 
 
Gender, age and OHRQoL 
The demographic of the sample showed that more females sought orthodontic treatment, 
which corresponds to a known gender bias52,107,108,. The participants in this study 
demonstrated a gender difference between OHRQoL scores, with females ranking their 
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OHRQoL lower than their male counterparts. In particular, it was the emotional well-being 
and social well-being aspects that were scored more negatively in females.  
 
There appears to be a relationship between increasing detrimental impacts on OHRQoL and 
an increase in age. Increasing age corresponds to a worsening of OHRQoL regardless of 
gender. The influence of peers rather than family takes precedence during the progression 
from late childhood to early adolescence. It is proposed that, by the age of 12, relationship 
with others is a contributing factor to health109.  This may be a contributing factor as 
malocclusion has a genetic component110, and as such family members may have similar 
traits, meaning the individual does not feel so disparate in appearance.  
 
Family size  
A statistically significant association between family size and OHRQoL results was observed 
(Table X). OHRQoL is affected by birth order, sibling number and sibling gender. Those 
individuals born later within a family, and those with a larger number of siblings, demonstrate 
a reduced OHRQoL. Females with more sisters than brothers appear to have reduced 
OHRQoL. Being a male with more sisters than brothers appears to increase OHRQoL.  
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Conclusions  
 
The results from this research can reject the null hypothesis. This study demonstrates that 
objective malocclusion measurements do not necessarily correlate to subjective aesthetic 
concerns.  As OHRQoL is influenced by a plethora of factors, investigating these to appreciate 
the patient’s concerns could improve self-perception and gain a greater appreciation of 
factors that may influence OHRQoL. 
 
Although the results of this study are interesting, it needs to be stressed that association does 
not prove causation. OHRQoL is multifactorial and this study highlights some potential 
associations between OHRQoL and extrinsic factors, and perhaps could act as a catalyst for 
further research in this area. It provides some evidence of the multifactorial aetiology of 
OHRQoL. It appears that extrinsic factors may be integral to our perceptions of ourselves.   
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Factors influencing OHRQoL  
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Tables 
 
Table I. CPQ11-14 ISF16 domain results.  
  
N Mean 
Std. 
Deviation Minimum Maximum 
Oral symptoms  215 5.20 2.27705 0.00 14.00 
Functional symptoms  215 2.87 2.82314 0.00 13.00 
Emotional well-being  215 4.22 3.91694 0.00 14.00 
Social well-being  215 2.89 2.96376 0.00 15.00 
CPQ total 215 15.20 9.12709 0.00 51.00 
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Table II. Sex differences for CPQ11-14 ISF16 domains. 
 
  Group N Mean (SD) Median (IQR) SE P-Value 
CPQ11-14 ISF16 
total 
M 88 13.52 (8.48) 12 (10) 0.904 0.027 F 127 16.37 (9.40) 15 (15) 0.835 
Oral symptoms M 88 5.057 (2.23) 5 (3.75) 0.238 0.507 F 127 5.31 (2.30) 5 (3) 0.205 
Functional 
symptoms 
M 88 2.71 (2.77) 2 (4.75) 0.296 0.465 F 127 2.98 (2.85) 2 (4) 0.254 
Emotional well-
being 
M 88 3.38 (3.46) 3 (5) 0.369 0.013 F 127 4.80 (4.11) 4 (7) 0.365 
Social well-
being 
M 88 2.36 (2.62) 2 (3) 0.28 0.024 F 127 3.26 (3.13) 3 (4) 0.278 
 
 
 
  
 62 
Table III Associations between age and CPQ total values 
Coefficientsa 
Model 
Unstandardised 
Coefficients 
Standardized 
Coefficients 
t Sig. B Std. Error Beta 
1 (Constant) 3.259 4.702   0.693 0.489 
Age 0.871 0.340 0.173 2.562 0.011 
a. Dependent Variable: Total of all domains - Oral, Functional, Emotional, Societal. 
Table 5. Age coefficient for CPQ domain totals. 
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Table IV. Univariate analysis of DAI utilising the treatment need categories   
 
   
DAI categories104 Total Male Female  
 1. No treatment 4.7% (n=10) 5.7% (n=5) 3.9%% (n=5) 
 2. Elective treatment 24.2% (n=52) 22.7% (n=20) 25.2% (n=32) 
 3. Treatment desirable 30.2% (n=65) 22.7% (n=20) 35.4% (n=45) 
 4. Treatment required 40.9% (n=88) 48.9% (n=43) 35.4% (n=45) 
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Table V. IOTN -AC 
    IOTN-AC   
DAI categories104 Lowest rating Highest rating Mean  
1. No treatment 3 (40%) 9 (10%)  3 (65%)  
2. Elective treatment 1 (1.9%) 8 (3.8%) 3 (42.3%) 
3. Treatment desirable  1 (7.7%) 8 (9.2%) 3 (40%)  
4. Treatment required 1 (2.3%)  10 (1.1%) 4 (28.4%)  
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Table VI. Sex distribution of CPQ and DAI results  
 
   
   Group N Mean SD SE Test Statistic df p 
CPQ 
total 
No 
treatment 
M 5 15.6 7.765 3.473 
Welch 0.475 7.077 0.649 
F 5 13.6 5.32 2.379 
CPQ 
total 
Elective 
treatment 
M 20 14.75 8.447 1.889 
Welch -0.827 45.111 0.413 
F 32 16.87 9.866 1.744 
CPQ 
total 
Treatment 
desirable 
M 20 9.6 5.305 1.186 Mann-
Whitney 244.5  0.004 F 45 16.66 8.801 1.312 
CPQ 
total 
Treatment 
required 
M 43 14.53 9.417 1.436 Mann-
Whitney 871.5  0.425 F 45 16.02 10.17 1.516 
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Table VII. Median and range for CPQ totals  
 
  Valid Mean Median St deviation Range Minimum Maximum 
Treatment 
desirable 
CPQ totals 
M 20 9.6 9.0 5.3 19.0 0.0 19.0 
F 45 16.7 14.0 8.8 31.0 3.0 34.0 
Treatment 
required 
CPQ totals  
M 43 14.5 12.0 9.4 43.0 2.0 45.0 
F 45 16.0 15.0 10.2 49.0 2.0 51.0 
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Tables  
 
Table VIII. Demographic description of participants. 
 
Variable 
Participants 
n (%) 
Total 189 
Dental Aesthetic Index (DAI)  
No treatment (≤ 25) 10 (5.3) 
Elective treatment (26 to 
30) 
41 (21.7) 
Treatment desirable (31 to 
35) 
57 (30.2) 
Treatment needed (≥ 36) 81 (42.9) 
Aesthetic Component (AC)  
No treatment needed (AC ≤ 
5) 
152 (80.4) 
Treatment needed (AC > 5) 37 (19.6) 
Sibling number 
0 19 (10.1) 
1 65 (34.4) 
2 55 (29.1) 
3 32 (16.9) 
4 or more 18 (9.5) 
Birth order 
First 85 (45) 
Second 58 (30.7) 
Third or more 46 (24.3) 
Sibling type 
No siblings 19 (10.1) 
Sisters only 52 (27.5) 
Brothers only 51 (27) 
At least 1 of each 67 (35.4) 
Age+ 13.7 (1.8; 11, 19) 
Oral domain# 5 (13; 3, 7) 
Functional domain# 2 (13; 1, 5) 
Emotional domain# 3 (14; 1, 6.5) 
Social domain# 2 (15; 1, 4) 
Domain total# 14 (49; 8, 20) 
+Reported as mean (sd; min, max) 
#Reported as median (range; 25%, 75%) 
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Table IX. Subjective vs objective orthodontic treatment need. 
 
  
Subjective need 
for treatment 
n (%) P-Value 
DAI score of 
desirable or 
needed n(%) 
P-
Value 
 Sex Male 12 (16) 0.27 
  
57 (74) 0.87 
  Female 25 (22) 81 (72) 
Sibling 
number  
  
0 1 (5)   13 (68)   
1 11 (17)  49 (75)  
2 12 (22) 0.033+ 38 (69) 0.33+ 
3 8 (25)  23 (72)  
4 or more 5 (28)   15 (83)   
Birth 
order 
  
First 14 (17)   65 (77)   
0.36+ 
  
Second 7 (12) 0.029+ 41 (71) 
Third or more 16 (35)   32 (70) 
Sibling 
types 
  
No Siblings 1 (5)   
0.33 
  
13 (69)  0.70 
Sisters only 13 (25) 38 (73) 
Brothers only 10 (20) 35 (70) 
Sister and 
Brother 
13 (19) 52 (78) 
+Mantel-Haenszel test of trend 
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Table X: Comparison of domain totals from oral health related quality of life (OHRQoL) for 
different sibling numbers and birth order.   
 
    
Oral 
domain 
Functional 
domain 
Emotional 
domain 
Social 
domain 
Domain 
total 
Sibling 
number  
0 6 (3, 7) 1 (0, 4) 2 (0, 4) 1 (0, 3) 10 (7, 16) 
1 5 (4, 7) 2 (1, 5) 3 (1, 6) 2 (1, 3) 12 (8, 19) 
2 5 (3, 6) 2 (1, 5) 4 (1, 8) 2 (0, 6) 14 (8, 22) 
3 5 (4, 7) 2 (0, 4) 4 (1, 9) 3 (1, 6) 16 (7, 23) 
4 or more 6 (4, 7) 3 (2, 6) 4 (2, 6) 3 (2, 4) 17 (12, 19) 
  rs 
0.00 (- 
0.15, 0.14) 
0.08 (-0.07, 
0.22) 
0.17 (0.03, 
0.31) 
0.19 (0.05, 
0.32) 
0.18 (0.04, 
0.32) 
Birth 
order  
First 5 (4, 7) 2 (1, 5) 2 (1, 6) 2 ( 0.5, 3) 12 (8, 18) 
Second 5 (3, 6.25) 1.5 (0, 3) 3 (0.75, 6) 2 (0.75, 4) 13.5 (8, 19) 
Third or more 5 (3, 7) 3 (1, 6) 4 (1.75, 9) 3.5 (1, 6) 18 (11.75, 25) 
  rs 
-0.08 (-
0.22, 0.07) 
0.09 (-0.05, 
0.23) 
0.13 (-0.02, 
0.27) 
0.19 (0.05, 
0.32) 
0.16 (0.02, 
0.29) 
Sibling 
type 
No siblings 6 (3, 7) 1 (0, 4) 2 (0, 4) 1 (0, 3) 10 (7, 16) 
Sisters only 5 (4, 7) 2 (1, 5) 2.5 (1, 6.75) 2 (1, 4) 13.5 (8, 20) 
Brothers only 5 (4, 7) 2 (1, 5) 4 (1, 6) 2 (0, 4) 14 (8, 23) 
At least one of 
each 5 (3, 7) 2 (1, 5) 4 (1, 8) 2 (1, 5) 16 (8, 21) 
 P-ValueB 0.89 0.45 0.31 0.34 0.29 
Sibling 
gender# 
More sisters 6 (4, 7) 2 (0, 5) 5 (1.5, 9) 3 (1.5, 6) 18 (10.5, 25) 
More brother or 
equal or no 
siblings 
5 (3, 7) 2 (1, 5) 3 (1, 7)  2 (0, 4) 14 (8, 21) 
 P-ValueC 0.33 0.83 0.09 0.040 0.09 
Sibling 
gender+ 
More sisters 5 (3, 7) 2 (1, 5) 2 (0, 4.25) 1 (0, 2) 11.5 (7.75, 16.5) 
More brother or 
equal or no 
siblings 
5 (3, 6) 2 (0, 5) 3 (1, 5) 2 (1, 5) 13 (8, 19) 
 P-ValueC 0.51 0.51 0.18 0.012 0.50 
 
Reported as median (25%, 75%) 
Mean (Min., Max) 
#Included female participants only 
+Included male participants only 
ASpearman’s rho correlation (rs) 
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Appendix 1. The Child Perception Questionnaire Item Short Form -16 
 
 
The next few questions are about how you feel about your teeth. There are no “right” or 
“wrong” answers — please answer as best you can. 
 
1. Would you say the health of your teeth, lips, jaws and mouth is: 
□Excellent  □Very Good  □Good □Fair  □Poor 
 
2. How much does the condition of your teeth, lips, jaws or mouth affect your life overall? 
□Not at all □Very little    □Some □A lot  □Very much 
 
In the past 3 months, how often have you had: 
 
3. Pain in your teeth, lips, jaws or mouth? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
4. Bad Breath? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
5. Sores in your mouth? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
 
 
6. Food stuck in between your teeth? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
 
For the next questions  
Has this happened because of your teeth, lips or mouth? 
 
In the past 3 months, because of your teeth, lips, mouth or jaws, how often has it been: 
 
7. Difficult to drink or eat hot or cold foods? 
□Never  □Once or twice  □Sometimes  □Often 
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□Every day or almost every day 
 
8. Difficult to bite or chew food like apples, corn on the cob or steak? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
9. Difficult to say any words? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
10. Taken longer than others to eat a meal? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
QUESTIONS ABOUT FEELINGS 
 
Have you had feelings because of your teeth, lips or mouth? If you felt this way for another 
reason, answer ‘Never’. 
 
In the past 3 months, how often have you: 
 
11. Been upset? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
12. Felt irritable or frustrated? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
13. Felt shy or embarrassed? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
14. Been concerned what other people think about your teeth, lips, mouth or jaws? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
 72 
QUESTIONS ABOUT YOUR SPARE-TIME ACTIVITIES AND BEING WITH OTHER PEOPLE 
 
In the past 3 months, how often have you: 
 
15.  Other children asked you questions about your teeth, lips, jaws or mouth? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
16. Other children teased you or called you names? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
17. Avoided smiling or laughing when around other children? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
18.  Argued with other children or your family? 
□Never  □Once or twice  □Sometimes  □Often 
□Every day or almost every day 
 
Please place this questionnaire in the envelope provided 
 
Thank you very much for your time 
 
"This study adheres to the Guidelines of the ethical review process of The University of Queensland 
and the National Statement on Ethical Conduct in Human Research. Whilst you are free to discuss 
your participation in this study with project staff (contactable on (07) 336 58086), if you would like to 
speak to an officer of the University not involved in the study, you may contact the Ethics Coordinator 
on 3365 3924.” 
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Appendix 2. The Aesthetic Component of the Index of Orthodontic Treatment Need 
 
 
 
 
 
 
Aesthetic Component of Index of Orthodontic Treatment Need 
 
Here is a set of photographs showing a range of dental attractiveness. Number 1 is the 
most attractive and 10 the least attractive. 
 
Where would you put your teeth on this scale?        Please circle one only. 
 
1 2  3 4 5 6 7 8 9 10 
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Appendix 3. Birth order questionnaire  
 
 
 
 
 
 
 
 
Birth order questionnaire written consent form 
 
 
As the Department of Orthodontics at the University of Queensland is a teaching facility 
research is important. One of the Postgraduate students studying on the Doctor of Clinical 
Dentistry (Orthodontics) is investigating family size and the relationship this may have on 
oral- health related quality of life.  
 
This is a voluntary questionnaire. Any information collected will be completely anonymised 
before use.  
 
Are you happy to proceed?  
 
Yes 
 
 
No  
 
 
If you answered yes, please continue with the following questions. If you answered no, 
please hand this back to either your Post-Graduate Orthodontic student or the Oral Health 
Centre clinic 3.3A reception.  
 
If you have any questions prior, during or after completion of this questionnaire please do 
not hesitate to ask a member of the Orthodontic team.  
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Birth order questionnaire 
Titanium number....................... 
 
Age  Gender: M/F 
 
A sibling is described as “one of two or more individuals having one or both parents in 
common”. 
 
1. What birth order are you?  
For example; If you are the oldest you are the first-born child. If you have two older 
siblings and three younger siblings you are the third born child. 
 
Please tick the box which is relevant to you 
 
 
2. How many siblings do you have?  
 
Please write in each box the number of siblings in each category you have.  
 
 How many? 
Older sister  
 
 
Older brother  
 
 
Younger sister  
 
 
Younger brother  
 
 
 
Please hand this questionnaire to a member of the orthodontic team.  
Thank you very much for your time 
“This study adheres to the guidelines of the ethical review process of the University of Queensland and the 
National Statement of Ethical Conduct in Human Research. Whilst you are free to discuss your participation in 
this study with project staff (contactable on (07) 336 58086), if you would like to speak to an officer of the 
University not involved in this study you may contact the ethics coordinator on 3365 3924.” 
 I’m an only child 
 I’m the oldest out of my brothers and sisters (first-born child) 
 I have one older brother or sister (second born child) 
 I have two older brothers or sisters (third born child) 
 I have three or more older brothers and/or sisters (fourth or more born child) 
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Raw data 
 
KEY 
 ID: Identification number 
AC: Aesthetic Component of the Index of Orthodontic Treatment Need 
BO: Birth order 
OS: Older sister 
OB: Older brother  
YS: Younger sister 
YB: Younger brother  
O1: Oral question 1 
O2: Oral question 2 
O3: Oral question 3 
O4: Oral question 4 
F1: Functional question 1 
F2: Functional question 2 
F3: Functional question 3 
F4: Functional question 4 
E1: Emotional well-being question 1 
E2: Emotional well-being question 2 
E3: Emotional well-being question 3 
E4: Emotional well-being question 4 
S1: Social well-being question 1 
S2: Social well-being question 2 
S3: Social well-being question 3 
S4: Social well-being question 4 
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Raw data  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ID Sex Age DAI AC BO OS OB YS YB O1 O2 O3 O4 F1 F2 F3 F4 E1 E2 E3 E4 S1 S2 S3 S4
27801 F 15 56 4 1 0 0 1 1 0 2 0 3 2 3 0 0 2 3 3 4 1 0 3 0
67443 M 13 41 4 1 0 0 1 0 1 2 1 1 2 0 0 0 0 0 0 0 0 0 0 0
67854 F 11 44 2 1 0 0 1 0 0 2 0 1 0 0 0 0 1 2 0 0 0 1 0 2
66964 F 11 35 8 1 0 0 2 0 3 1 3 1 1 2 1 1 1 2 2 3 2 1 1 1
66731 F 12 48 4 1 0 0 0 1 0 1 1 2 2 4 0 0 0 0 0 0 2 1 0 0
66897 F 18 29 3 1 0 0 0 0 0 2 1 2 2 0 0 0 0 0 0 0 0 0 0 0
68103 M 15 27 4 1 0 0 1 1 0 0 1 2 0 0 0 0 0 0 0 0 1 0 0 1
66801 F 11 52 4 1 0 0 1 0 1 2 1 3 1 0 0 0 1 0 0 1 0 1 0 0
65025 M 17 26 3 1 0 0 2 1 0 3 0 3 0 0 0 0 0 0 1 1 0 0 0 0
67802 M 13 52 7 1 0 0 1 0 1 1 1 2 1 1 0 0 0 0 1 2 1 0 0 0
68377 F 14 27 2 2 0 1 2 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
28011 F 12 34 5 2 0 1 0 1 2 4 1 2 1 2 2 0 0 0 0 0 0 0 0 0
67217 M 12 34 6 2 1 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
61767 F 17 37 4 2 0 1 2 1 2 2 3 2 1 2 0 0 2 0 1 2 0 0 0 0
68114 F 11 38 4 3 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
64846 M 17 36 7 3 1 1 0 0 0 2 2 2 1 1 0 3 0 1 1 2 0 0 1 0
67331 M 14 44 4 3 1 1 0 1 1 1 0 1 3 2 0 0 0 0 1 1 2 1 3 2
64623 F 17 45 5 3 1 1 0 0 0 0 1 1 0 0 1 0 2 2 2 2 2 1 2 1
66660 M 13 26 3 3 2 0 1 0 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0
67064 F 17 32 3 3 0 2 0 1 1 2 1 3 2 0 0 0 1 1 3 4 1 0 2 4
67295 M 15 31 3 1 0 0 2 0 0 2 0 3 0 0 0 1 0 2 0 0 0 0 0 0
66273 F 16 33 1 3 1 1 0 0 1 0 0 2 2 0 0 0 1 2 2 4 0 1 2 4
66885 F 13 30 3 1 0 0 0 1 1 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0
65294 F 13 28 3 1 0 0 0 0 0 3 2 3 4 1 0 1 0 0 0 0 0 0 0 1
67071 M 15 46 4 3 1 1 0 0 1 2 2 3 1 3 2 3 2 2 4 3 0 1 4 2
67074 M 16 33 5 1 0 0 1 4 2 2 0 2 3 0 0 0 1 1 0 1 0 2 0 1
52507 F 13 40 8 2 0 1 0 0 0 0 1 3 0 0 0 0 0 0 0 1 0 0 0 0
67416 F 14 32 3 1 0 0 0 1 1 1 1 2 2 0 0 0 0 0 0 1 0 0 0 0
67224 M 14 42 5 3 1 1 1 1 1 1 0 2 1 0 0 1 1 1 1 2 1 0 1 4
66770 F 16 63 10 1 0 0 2 2 3 4 3 4 3 4 2 0 4 3 2 4 4 3 4 4
66957 M 16 39 4 1 0 0 2 2 0 0 0 3 2 0 0 0 1 0 1 1 0 0 2 0
66768 M 14 26 3 3 2 0 0 0 0 1 1 1 0 1 1 0 2 3 3 3 2 1 2 0
66150 F 13 37 3 1 0 0 0 1 0 2 1 0 2 0 0 0 1 1 2 3 1 0 2 0
67003 F 16 35 3 2 1 0 0 1 0 1 0 3 1 3 2 3 2 1 4 4 2 2 4 0
67058 M 14 49 5 2 0 1 1 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0
67059 F 13 34 2 3 0 2 0 1 2 0 1 2 3 3 0 2 3 3 0 0 1 0 1 2
67057 M 17 52 1 1 0 0 1 1 2 2 1 2 0 1 0 1 0 2 1 1 0 0 0 0
67073 F 13 29 4 2 0 1 0 1 1 3 1 2 0 0 1 0 0 0 1 0 1 0 0 0
66924 F 11 63 3 2 0 1 2 0 0 1 0 1 0 0 1 0 0 1 3 4 0 2 3 4
64522 F 15 36 5 4 2 1 1 1 1 1 1 3 2 1 3 0 2 2 3 2 2 0 2 0
64519 F 16 47 8 3 1 1 2 1 1 0 0 3 2 0 0 0 2 3 2 3 1 0 1 0
66917 M 13 28 4 2 1 0 0 0 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0
66872 M 16 29 3 4 0 3 0 0 1 2 1 1 0 3 1 0 2 3 4 4 2 0 3 0
32058 F 16 31 4 3 1 1 0 0 1 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0
66734 M 11 46 5 1 0 0 0 0 1 0 0 2 0 0 0 0 0 0 1 1 1 0 0 2
23577 F 14 48 4 2 0 1 0 0 1 1 1 3 1 0 1 0 2 1 2 1 1 0 1 2
1904 F 15 28 6 3 2 0 1 0 2 0 1 2 0 1 0 3 1 2 3 2 1 3 1 0
66899 M 14 48 2 4 1 2 0 0 0 2 2 2 1 1 0 0 0 0 2 2 3 2 2 0
66076 F 11 50 5 1 0 0 0 1 2 0 0 1 0 0 0 1 1 1 1 0 0 0 1 1
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Raw data  
 
 
ID Sex Age DAI AC BO OS OB YS YB O1 O2 O3 O4 F1 F2 F3 F4 E1 E2 E3 E4 S1 S2 S3 S4
65182 F 13 41 3 3 1 1 0 0 1 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0
26533 M 14 33 3 1 0 0 3 0 1 2 1 3 1 1 0 0 0 0 1 0 1 0 0 0
67113 F 13 40 3 1 0 0 1 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0
67301 F 13 28 3 1 0 0 0 0 0 1 0 2 2 0 0 0 0 0 0 1 1 0 0 0
68123 F 14 24 5 1 0 0 1 0 1 2 1 3 2 1 0 0 0 0 0 1 0 0 2 1
67025 M 13 25 4 1 0 0 0 0 1 2 0 3 0 0 0 0 0 0 1 1 0 0 1 0
59599 F 14 35 3 2 1 0 0 1 1 2 1 1 2 0 0 1 1 1 0 1 2 0 0 1
69000 F 12 41 3 1 0 0 1 0 1 1 1 3 0 0 0 1 0 1 0 0 1 0 1 0
69002 F 11 38 2 2 1 0 0 0 1 2 1 3 0 0 0 0 0 0 0 0 1 0 0 0
62437 F 15 34 8 4 0 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0
52388 F 14 28 3 4 1 2 0 0 3 1 4 1 1 2 0 0 2 3 3 2 1 0 3 0
55741 F 11 37 3 2 0 1 0 0 0 0 1 3 1 2 0 3 1 1 2 2 1 2 0 0
66411 F 15 31 3 2 0 1 0 1 1 2 0 2 1 0 0 2 1 1 2 2 2 0 2 2
67743 F 15 33 2 2 0 1 0 2 0 2 0 1 0 0 0 0 2 1 0 2 0 0 3 3
66921 F 15 35 2 1 0 0 2 0 0 2 2 2 0 0 0 0 2 2 1 1 1 0 1 0
67337 F 13 33 3 2 1 0 0 0 1 2 3 3 3 1 1 1 1 2 1 1 2 1 2 1
67874 F 15 36 6 1 0 0 0 3 1 1 0 4 3 0 0 0 2 2 3 3 1 0 3 0
68482 M 15 33 4 1 0 0 0 0 1 1 2 3 0 0 1 0 1 1 2 2 1 0 0 1
67786 F 12 37 4 3 0 2 1 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0
68495 F 15 34 8 1 0 0 1 0 2 1 2 2 3 0 0 0 3 2 3 4 0 0 2 0
69855 M 13 35 2 1 0 0 0 0 1 2 1 1 0 0 0 1 0 1 0 1 0 0 0 0
61436 M 12 27 8 6 4 1 0 0 1 1 1 3 3 4 0 3 0 1 1 1 0 0 1 0
70820 M 11 26 2 2 1 0 0 0 2 2 1 3 1 2 2 3 1 1 0 0 0 0 0 0
70564 F 14 34 6 5 3 1 1 1 1 0 0 1 2 3 0 0 0 1 0 0 2 0 0 3
68450 F 15 47 5 1 0 0 1 1 0 1 0 1 0 1 0 1 0 0 0 1 0 0 0 1
70698 F 15 35 8 3 0 2 0 0 3 2 3 4 1 2 1 9 1 1 1 1 0 2 0 0
71435 F 11 33 3 2 0 1 0 0 1 2 2 2 1 1 2 2 3 3 1 2 0 0 2 2
70590 M 14 27 3 2 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
67230 M 13 36 4 3 1 2 0 0 1 2 3 3 0 0 0 0 0 1 1 1 1 0 1 0
68836 M 12 51 4 1 0 0 0 1 1 1 1 2 0 0 0 0 0 0 0 0 1 0 0 0
68463 F 12 39 2 2 0 1 0 0 2 2 2 1 2 0 0 0 1 1 0 2 0 2 1 2
30340 F 14 24 4 2 0 1 0 0 1 0 1 3 1 0 0 0 0 1 2 0 0 0 0 2
70405 F 13 35 3 2 1 0 0 0 0 2 0 1 0 0 1 0 0 0 1 1 0 0 0 0
71408 M 12 34 2 1 0 0 1 0 0 1 2 1 3 0 0 0 0 0 0 0 0 0 0 0
68536 F 14 45 5 1 0 0 2 3 2 2 0 2 1 0 0 0 2 1 1 1 0 0 2 3
65940 M 14 25 3 2 1 0 0 0 0 1 0 0 0 0 0 0 1 1 1 2 1 0 1 0
64759 F 14 32 5 2 0 1 0 2 2 0 1 2 0 1 0 0 2 3 3 3 0 0 3 0
70312 F 13 30 3 2 0 1 0 0 3 1 1 3 1 3 2 2 3 3 3 3 3 2 3 3
67660 M 13 33 2 2 0 1 0 0 1 2 1 1 0 1 0 0 1 1 1 0 0 1 0 1
70643 F 15 24 3 2 1 0 1 0 1 2 0 2 0 0 0 0 1 1 2 3 3 1 3 0
67686 M 14 40 3 2 1 0 2 2 0 1 1 2 0 0 0 0 1 0 1 2 0 0 1 1
67977 F 15 32 6 1 0 0 2 0 2 1 1 1 2 2 0 1 3 3 4 4 2 2 4 2
70608 F 14 28 6 3 0 2 1 2 4 2 1 4 3 2 1 1 2 2 2 2 1 0 1 1
68523 F 12 32 7 1 0 0 0 1 1 2 1 1 1 0 0 1 0 1 1 0 0 0 0 0
71159 F 13 32 4 1 0 0 0 1 0 2 0 3 1 0 0 0 0 0 0 1 1 0 0 0
68256 F 15 33 3 1 0 0 0 2 1 1 0 3 0 0 1 0 0 0 1 1 0 0 0 0
73156 F 17 29 5 1 0 0 0 1 4 1 1 2 1 4 0 4 2 3 2 3 2 2 2 1
68083 F 13 29 4 2 0 1 1 0 0 2 0 3 2 0 0 1 0 1 2 3 2 4 2 0
70080 F 16 36 4 1 0 0 1 1 0 1 0 2 2 0 0 0 2 3 3 3 1 0 1 1
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Raw data  
 
 
ID Sex Age DAI AC BO OS OB YS YB O1 O2 O3 O4 F1 F2 F3 F4 E1 E2 E3 E4 S1 S2 S3 S4
71902 F 12 38 8 1 0 0 0 0 0 3 1 2 1 0 0 4 2 0 0 2 1 0 2 0
59023 M 16 29 4 1 0 0 0 0 1 2 2 1 1 1 0 0 1 3 3 2 1 0 2 1
65000 M 17 32 3 3 1 1 0 0 2 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0
67808 F 11 36 5 2 0 1 1 0 0 1 0 1 0 0 0 0 0 1 0 1 0 0 0 1
67807 M 13 36 4 1 0 0 2 0 0 1 0 1 2 0 1 3 0 0 1 2 0 0 1 0
67108 M 16 32 4 2 0 1 1 0 0 2 1 2 2 0 0 0 0 0 0 1 0 0 0 0
71723 F 14 32 8 1 0 0 3 0 1 1 1 2 0 0 0 0 0 0 0 1 1 0 0 0
71823 M 12 32 4 2 1 0 0 0 0 1 0 2 0 0 0 0 0 0 1 0 1 0 0 0
70409 M 15 28 2 1 0 0 1 0 2 2 2 3 4 2 0 0 0 0 0 0 0 0 0 0
74215 M 11 60 7 3 0 2 1 0 1 1 1 2 3 4 0 2 2 1 2 2 3 1 4 0
74598 F 14 54 4 1 0 0 1 0 1 3 2 1 1 2 3 3 0 1 0 1 2 4 0 1
72591 F 13 26 2 2 1 0 0 1 2 1 0 2 1 0 0 0 0 1 0 1 0 0 0 3
27753 M 16 39 3 1 0 0 1 0 1 1 2 3 2 1 0 0 0 1 0 0 2 0 0 0
72976 M 12 31 3 1 0 0 1 0 1 1 2 2 1 0 2 2 0 1 0 0 1 0 0 0
73104 F 13 30 1 3 1 1 0 0 2 1 2 0 0 0 0 3 2 2 2 2 0 0 4 2
72737 F 12 37 4 1 0 0 1 1 2 1 1 3 1 2 1 0 2 3 1 2 2 2 1 0
74593 M 12 57 4 2 1 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0
72592 M 12 35 7 3 2 0 0 0 0 1 1 1 0 1 1 3 1 1 1 3 1 0 2 1
73795 M 14 49 3 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 1
73471 M 12 36 6 2 0 1 0 0 0 0 0 2 0 0 0 0 0 1 1 1 0 0 0 4
71944 M 16 36 2 2 0 1 1 1 1 1 1 2 0 2 0 0 1 1 2 2 1 0 2 0
71278 F 14 30 6 1 0 0 1 0 1 1 2 1 0 3 2 4 1 0 2 2 0 0 1 0
68516 M 13 47 8 3 1 1 0 0 1 2 0 4 2 3 4 3 3 2 3 4 4 4 4 2
67716 F 11 31 3 2 0 1 0 0 2 1 2 3 0 1 1 4 2 1 2 2 1 0 0 2
72380 F 12 31 3 2 1 0 0 0 0 1 0 1 2 0 0 0 0 0 0 1 0 0 0 1
66933 F 15 43 8 1 0 0 1 1 0 1 0 3 2 3 0 2 1 0 1 3 0 1 1 0
72303 F 15 35 5 4 2 1 0 0 1 1 2 2 2 0 0 1 0 0 2 3 1 0 1 0
74469 F 12 31 3 2 0 1 0 0 0 1 2 2 2 0 0 0 0 0 1 0 0 0 0 1
66105 M 13 49 5 3 2 0 0 0 4 1 3 1 3 0 3 0 2 2 3 3 4 3 0 0
68954 F 11 46 5 4 1 2 0 0 3 2 0 2 1 3 0 0 0 1 1 0 0 0 0 2
68577 M 14 32 5 5 2 2 0 0 0 2 2 2 2 2 1 1 1 1 1 1 1 1 1 0
73949 F 14 45 7 2 1 0 0 0 2 2 1 1 0 0 0 0 1 2 2 4 2 4 2 3
74691 F 14 31 3 1 0 0 1 0 1 1 0 2 0 0 0 0 0 0 2 2 1 0 2 0
64454 F 14 27 6 3 0 2 0 0 0 1 0 2 0 0 0 0 0 1 1 2 0 0 0 2
74179 F 14 29 3 2 0 1 0 1 1 2 1 3 0 0 0 0 1 0 3 2 0 0 2 2
72019 M 13 41 3 1 0 0 1 0 1 1 0 2 0 1 1 0 1 2 2 1 0 0 0 0
74109 M 15 29 4 1 0 0 1 0 0 1 1 1 0 3 1 1 2 2 2 3 1 0 1 0
73476 F 17 22 3 1 0 0 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
72586 M 16 32 3 3 1 1 0 0 1 1 0 1 1 0 0 0 0 0 0 1 0 0 0 0
69587 M 13 39 2 1 0 0 0 0 1 2 1 2 0 1 2 1 1 1 1 1 1 1 1 0
74284 M 12 43 3 2 0 1 0 0 1 1 1 3 0 0 0 0 1 2 0 1 0 0 2 1
74592 F 14 27 3 1 0 0 0 1 1 2 0 2 0 0 0 2 1 1 1 3 0 0 1 0
73934 F 11 33 2 2 1 0 2 0 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1
72681 F 12 34 3 6 5 0 0 0 1 2 1 3 0 3 1 2 0 0 1 1 1 0 1 1
63901 M 12 55 5 1 0 0 0 0 0 1 0 2 0 0 0 1 0 0 0 0 0 0 0 0
70558 M 15 27 2 1 0 0 0 2 1 1 0 3 3 0 2 0 3 1 0 0 1 0 0 1
74990 F 12 41 5 1 0 0 0 1 2 0 0 0 0 0 1 0 1 1 2 3 3 0 1 0
74053 M 13 35 4 1 0 0 0 0 1 1 2 1 0 0 0 1 0 1 0 0 3 0 0 0
74929 F 11 26 3 1 0 0 2 1 4 3 0 1 2 2 1 0 3 4 2 2 0 0 1 4
74733 M 15 38 7 1 0 0 2 1 0 2 2 2 0 0 0 0 0 0 0 0 1 0 0 0
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Raw data  
 
 
 
 
 
 
 
 
 
 
 
ID Sex Age DAI AC BO OS OB YS YB O1 O2 O3 O4 F1 F2 F3 F4 E1 E2 E3 E4 S1 S2 S3 S4
72731 F 11 35 3 2 1 0 0 1 0 1 0 2 3 2 0 4 0 0 0 0 2 0 0 0
66691 F 13 43 8 1 0 0 1 1 3 1 1 3 0 0 0 0 3 3 4 4 2 3 3 3
72584 F 16 40 4 1 0 0 0 2 1 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0
74292 M 15 37 3 1 0 0 3 2 1 2 1 3 0 0 1 0 0 0 0 0 0 0 0 1
68691 F 18 36 7 1 0 0 1 0 2 1 1 3 1 2 3 1 3 3 4 4 2 2 4 3
72936 M 14 24 9 2 0 1 1 0 1 1 0 1 1 0 2 0 1 2 2 3 2 1 2 2
72143 F 12 27 7 3 0 2 0 0 1 1 0 1 2 1 1 2 2 2 2 3 3 2 3 2
72595 F 14 29 3 2 0 1 0 0 0 2 1 2 1 0 0 1 1 1 1 0 1 0 0 0
71930 M 13 41 3 2 1 0 0 0 2 1 1 2 2 0 0 0 0 1 3 2 2 1 2 1
70030 M 16 23 3 2 1 0 0 0 1 1 1 3 1 2 0 2 0 0 1 1 1 0 0 0
75284 M 16 37 3 1 0 0 0 0 0 2 2 3 0 0 0 0 0 1 1 1 1 0 0 0
74732 F 13 35 1 1 0 0 0 1 2 2 2 3 1 1 4 4 0 1 0 0 0 0 3 2
65163 F 13 29 3 1 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 0 0
74015 F 15 32 8 3 2 0 1 0 1 2 1 2 1 0 0 0 2 3 3 3 1 1 3 2
66145 F 12 39 2 1 0 0 0 0 1 1 1 3 0 0 0 0 0 0 1 1 0 0 1 1
75206 M 15 40 4 1 0 0 0 1 0 2 3 3 2 1 4 0 2 1 0 2 0 0 2 1
75383 F 13 29 4 1 0 0 1 0 1 2 1 3 1 0 3 0 1 2 3 3 0 0 1 3
74275 F 13 23 4 2 1 0 1 0 0 1 1 3 3 0 0 0 1 2 2 2 1 0 2 0
72590 F 11 52 6 4 1 2 0 0 2 1 1 3 0 0 1 0 1 0 1 2 3 0 0 0
74512 M 13 31 3 1 0 0 1 0 1 3 1 2 1 1 0 1 0 1 2 1 1 0 1 0
75857 F 14 30 3 2 0 1 0 0 2 1 1 3 3 0 0 1 2 2 1 0 0 0 0 0
76608 M 14 41 6 2 1 0 0 0 0 1 0 3 2 0 1 0 0 0 0 0 0 1 0 0
71753 F 14 26 3 3 1 1 0 1 0 1 2 0 0 2 0 0 1 1 0 0 0 0 2 0
74361 F 13 35 3 1 0 0 1 3 1 2 0 1 0 0 0 0 0 0 0 0 0 0 0 0
76609 F 11 30 5 1 0 0 2 3 3 2 2 1 0 1 2 0 0 2 0 0 0 0 1 2
28031 M 12 30 5 4 2 1 0 0 2 4 3 2 1 1 2 0 0 0 1 0 0 0 0 0
74299 M 15 47 3 1 0 0 0 0 0 1 0 1 2 0 2 2 0 1 1 0 0 0 0 1
76410 F 14 65 6 2 0 1 0 0 1 2 1 2 0 1 0 0 0 0 0 1 0 0 0 0
65956 F 12 33 3 1 0 0 0 0 1 3 2 2 0 0 0 0 0 0 0 0 0 0 0 0
68173 M 18 55 4 1 0 0 0 0 2 3 1 2 2 3 3 2 3 2 3 4 1 1 3 0
71406 M 17 37 3 2 1 0 0 0 0 1 0 2 0 0 1 0 0 0 0 0 1 0 0 0
67661 F 11 44 4 3 1 1 0 0 0 0 0 1 2 2 0 2 1 1 1 1 0 0 0 0
76685 M 14 37 4 1 0 0 1 0 2 1 2 2 1 1 0 0 1 1 1 2 1 0 2 1
72540 M 16 35 1 1 0 0 0 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
76298 M 15 35 1 2 1 0 0 0 1 1 2 3 0 0 1 0 0 0 0 0 0 0 2 0
74470 F 13 50 3 2 1 0 0 1 1 1 1 2 1 0 0 0 0 0 0 0 1 0 1 0
74471 F 16 28 4 1 0 0 1 1 2 0 0 2 1 1 0 1 1 0 1 1 2 0 1 0
74288 M 13 38 1 2 1 0 2 1 1 0 2 2 0 0 4 0 1 1 1 1 0 2 0 0
74227 M 14 30 4 3 0 2 0 0 2 1 0 1 2 1 0 0 0 0 0 0 1 0 2 2
73323 F 13 37 3 2 1 0 1 1 1 3 1 3 1 1 0 0 2 3 3 4 1 1 2 2
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